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-LITTELL’S LIVING AGE. 


ig 1890 THE LIVING AGE enters upon its forty-seventh year, 

Approved in the outset by Judge Story, Chancellor Kent, Presi. 

dent Adams, historians Sparks, Prescott, Ticknor, Bancroft, and 
many others, it has met with constant commendation and success. 

A WEEKLY MAGAZINE, it gives fifty-two numbers of sixty-four 
pages each, or more than Three and a Quarter Thousand double-col- 
umn octavo pages of reading-matter yearly. It presents in an inexpen- 
sive form, considering its great amount of matter, with freshness, owin 
to its weekly issue, and with a completeness nowhere else attempted, 


The best Essays, Reviews, Criticisms, Tales, Sketches of Travel and Discovery, Poetry, Scientific, 
Biographical, Historical, and Political Information, from the entire body 


: of Foreign Periodical Literature, and from the pens of 
The Foremost Writers. 


The ablest and most cultivated intellects, in every department of Literature, 
Science, Politics, and Art, find expression in the Periodical Literature of Europe, and 


especially of Great Britain. 


The Living Age, forming four large volumes a year, furnishes from the great 
and generally inaccessible mass of this literature the only compilation that, while 
within the reach of all, is satisfactory in the COMPLETENESS with which it em- 
braces whatever is of immediate interest, or of solid, permanent value. 

It is therefore indispensable to every one who wishes to keep pace with the 
events or intellectual progress of the time, or to cultivate in himself or his family general 


intelligence and literary taste. 


“*He who subscribes for a few years to LITTELL’S 
LIVING AGE gathers a choice library, even though he 
may have no other books.” — New - York Observer. 

**There is no other publication of its kind so general 
in its bearing and covering the entire field of literature, 
art, and science, and bringing between tle same covers 
the ripest, richest thoughts and the latest results of 
the time in which we live. . No one who values an 
intelligent apprehension of the trend of the times can 
afford to do without it. There can indeed be no 
better teacher, friend. and companion in any family 
than this incomparable publication.” — Christian at 

Work, New York. 

“Certain it is that no other magazine can take its 
place in enabling the busy reader to keep up with 
current literature. . By the careful and judicious 
work put into tne editing of THE LIVING AGE, it is 
made possible for the busy man to know something of 


* what is going on with ever-increasing activity in the 


world of letters. Without such help he is lost.” — 
Episcopal Recorder, Philadelphia. 

“To all who have ever taken it, it is a necessity; 
those who have yet to make its acquaintance will find 
it the best possible means of keeping abreast of 
current foreign thought.” — New - York Evangelist. 

“It holds an undisputed position in the front rank 
of periodicals. . Replete with all the treasures of the 
best current thought, the best fiction, and the best 
poetry of the day.” — The Presbyterian, Philadelphia. 

“It is one of the few periodicals which seem indis- 
pensable. . It contains nearly all the good litera- 
ture of the time.” — The Churchman, New York. 

“Biography, fiction, science, criticism, history, 
poetry, travels, whatever men are interested in, all 
are found here.” — The Watchman, Boston, 

“Unlike the majority of magazines, it is published 
weckly instead of monthly, . It loses nothing of its old- 
time attractiveness.” — The Congregationalist, Boston. 

“ As it grows older it grows better. . The foremost 
writers of the time are represented on its pages. . 
It is in the quantity and value of its contents facile 
princeps.” — Presbyterian Banner, Pittsburgh. 


. 

“ There may be some things better than THE Liv- 
ING AGE, but if so we have not seenthem. . For the 
man who tries to be truly conversant with the very 
best literature of this and other countries, it is indis- 
pensabie.” — Central Baptist, St. Louis. 

“It is edited with rare discrimination and tact, and 
admirably combines instruction and variety.” —Chris- 
tian Intelligencer, New York. 

“Tohave THE LIVING AGE is to hold the keys of 
the entire world of thought, of scientitic investigation, 
psychological research, critical note, of poetry and 
romance.” — Boston Evening Traveller. 

“It keeps the reader in the intellectual life of the 
time. No better outlay of money can be made than 
in subscribing for THE LIVING AGE.” — Hartford 
Courant. 

* For the amount of reading-matter contained the 
subscription is extremely low.” — Christian Advocate, 
Nashville. 

“Nearly the whole world of authors and writers 
appear in it in their best moods. . The readers miss 
very little that is important in the periodical domain.” 
— Boston Journal. 

“It may be truthfully and cordially said that it never 
ofters a dry or valueless page.” — New- York Tribune. 

“It is one of the indispensable literary publications 
of the day . To read it is itself an education in the 
course of modern thought and literature.” — Buff 
Commercial Advertiser. 

“It maintains its lead in supplying the latest and 
the best productions of current literary effort.”- 
North-Carolina Presbyterian, Wilmington. 

“Itsaves much labor for Susy people who wish to 
keep themselves well informed upon the questions of 
the day.” — The Advance, Chicago. 

“It enables its readers to keep fully abreast of the 
best thought and literature of civilization.”— Christian 
Advocate, Pittsburgh. 

“In this weekly magazine the reader finds «ll that is 
worth knowing in the realm of current literature. + 
It is indispensable.”—Canada Presbyterian, Toronto. 


PUBLISHED WEEKLY at $8.00 a year, free of postage. 
kg TO NEW SUBSCRIBERS for the year 1890, remitting before Jan. 1, the 
weekly numbers of 1889 issued after the receipt of their subscriptions, will be sent gratis. 


CLUB PRICES FOR THE BEST HOME AND FOREIGN LITERATURE. 


(* Possessed of LITTELL’S LIVING AGE, and of one or other of our vivacious American monthiies, & 
subscriber will find himself in command of the whole situation.” — Philadelphia Evening Bulletin.) 

For $10.50, Tur Living AGE and any one of the four-dollar monthly magazines (or 
Harper’s Weekly or Bazar) will be sent for a year, postpaid ; or, for $9.50, Tur LIv- 
ING AGE and Scribner’s Magazine, or Lippincott’s Magazine, or the St. Nicholus. 


ADDRESS 


LITTELL & CO., 31 Bedford St., BostoDs 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. LIII.—TZhe Temperature of the Moon. From Studies 
at the Allegheny Observatory by S. P. LANGLEY, with the 
assistance of F. W. Very. 


(Memoir read to the National Academy of Sciences, November, 1887.) 


THIS memoir may be regarded as the completion of the 
investigation commenced in 1883, and continued during the 
next four years, and of which previcus portions have been 
published in the Memoirs of the National Academy of Sci- 
ences, in a paper read Oct. 17, 1884 (vol. iii), and in that read 
Nov. 9, 1886, (vol. iv), the latter having been published in 
abstract in the American Journal of Science.* 

The original memoir, of which the following is a very succinet 
abstract, can, from its special character, hardly claim the atten- 
tion of the general reader; but the latter may, perhaps, be 
here reminded that the main questions at issue are the temper- 
ature of an airless planet at the earth’s distance from the sun, 
the action of the atmosphere in modifying the temperature of 
such a planet, and, in general, the study of those conditions of 
radiation and absorption which have actually rendered life 
possible on our own. He may be reminded also that it has 
been generally assumed hitherto that the temperature of the 
sunlit surface of an airless planet at such a distance, e. g. of the 


* For December, 1888. See also London, Edinburgh and Dublin Philosophical 
Magazine, December, 1888; also Ann, de Chemie et de Physique, July, 1889. 
Am. Jour. Sct.—Tuirp Series, Von. XXXVIII, No. 228.—Dec., 1889, 
27 


* 
THE 
d 
| 
| 
: 


422 S. P, Langley—Temperature of the Moon. 


moon, would be excessively high. Thus Sir John Herschel, in 
his latest “ Outlines of Astronomy,” says: “The surface of the 
full moon exposed to us must necessarily be very much heated, 

ossibly to a degree much exceeding that of boiling water.” 
The only experimental evidence obtainable appeared to lend 
support to this view, for though Lord Rosse did not undertake 
to directly determine the lunar temperature (as he is often 
supposed to have done) any inference which can be drawn from 
his experiments appears to support the above views of Her- 
schel, which he also cites.* 

It has also been almost universally supposed that our atmos- 
phere was nearly impervious to the lunar radiant heat, so that, 
if any existed, it could still not be pereeived by us at the sea- 
level. Thus Sir John Herschel says of the moon that “its 
heat (conformably to what is observed of that of bodies heated 
below the point of luminosity) is much more readily absorbed 
in traversing transparent media than direct solar heat, and is 
extinguished in the upper regions of the atmosphere, never 
reaching the surface of the earth at all.” 

The reader may also be reminded that these statements have 
remained unchallenged on account of the hitherto insuperable 
difficulties of experimental investigation, arising from the all 
but infinitesimal amount of heat which the moon sends us, 
and the added fact that this heat, small as it is, is necessarily of 
two essentially different kinds, that which the moon, acting as 
a mirror, reflects from the sun, and that which directly ema- 
nates from the substance of her own sun-heated soil, while it is 
only by an analysis of each of these two kinds of heat, each in 
its totality non-existent to the most sensitive thermometer, that 
we can expect to give an experimental answer to the ques- 
tion.t 

It was Melloni who, on Mt. Vesuvius, in 1846, by the em- 
ployment of a polyzonal lens, one meter in diameter, and the 


* See Proc. Royal Society, xvii, 1869, p. 443; xix, 1870, p. 12; Transactions, 
elxiii, pp. 622-4. Having elsewhere shown that the lunar radiation consists of a 
small quantity of reflected heat and a comparatively large quantity of heat emitted 
from its soil, Lord Rosse compares the total effect of this lunar radiation over that 
from the sky with that from two blackened vessels, one producing the same effect 
on his thermopile and galvanometer as_ the sky, the other as the moon. and finds 
that the observed galvanometer range is that due to a temperature of excess in 
the latter vessel to be computed at 197°°5 F. if Dulong and Petit’s law of cooling 
is used, or at a still higher one if Newton’s is employed. The effective sky tem- 
perature was about + 20° F., so that if we suppose the result due wholly (instead 
of mainly) to the emitted heat, this would indicate a temperature of the lunar soil 
at any rate above that of boiling water. Lord Rosse, however, in view of the 
empirical character of the formula employed. and of other considerations, is care- 
ful to state as his conclusion ‘that the problem of the determination of the lunar 
temperature is nearly as far as ever removed from our grasp.” 

+ In an appendix (No. 1) of the memoir referred to, will be found a historical 
account, believed to be fairly complete, of the labors of previous thinkers and 


workers in this subject. 
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newly invented thermopile and galvanometer, first succeeded 
in getting any certain indications of heat from the moon, 
though these were of the feeblest kind. It is Lord Rosse, em- 
ploying the Parsonstown telescope with improved thermopiles 
and galvanometers, who has the credit of abundantly contirm- 
ing Melloni’s observation of the fact of the moon’s radiant heat 
being perceptible, and further the great merit of making a 
preliminary investigation of its character, by showing by its 
imperfect passage through glass that it is chiefly non-reflected 
heat. Lord Rosse, however, as has been said, concludes that 
the problem of the moon’s temperature is still indeterminate. 

At this point the question is taken up by the writer who, 
with the aid of the bolometer, used directly in the lunar 
image, had already reached, in the first of the memoirs, men- 
tioned above, the following inference among others of less im- 
portance, viz :—that the sunlit surface of the moon is not far 
Srom the freezing temperature. 

This inference resulted both from observations in the direct 
beam and from a preliminary and partially successful attempt 
to form a heat-spectrum, for this gave indications of two max- 
ima in the heat curve, the first corresponding to the heat from 
the solar reflected rays, the second (indefinitely lower down in 
the spectrum), corresponding to a greater amount of radiant 
heat emitted from a source at a far lower temperature, lower 
at any rate than that of boiling water, above which the tem- 
perature of the lunar soil has been hitherto supposed to not 
improbably be. This statement of the first memoir is put for- 
ward as inferential and probable merely, and not as conclu- 
sively proven. 


The second memoir, on “The Solar and the Lunar Spec- 
trum,” is chiefly devoted to the invisible spectrum of the sun, 
but incidentally describes the progress of the improvement of 
the apparatus employed so as to better fit it for the delicate 
task 

(1) of measuring the already feeble lunar heat when diffused 
by expansion into a lunar spectrum, and 

(2) of determining the possible existence and the exact posi- 
tion of the two heat maxima already described in the first 
memoir. 

We are now prepared to take up the present memoir, and 
give an abstract of its results. It contains researches pursued 
through several years with constantly improving instrumental 
means, and while the writer cannot feel that (owing to the 
extreme experimental difficulty of the subject) the results have 
obtained a certitude corresponding to the great labor bestowed 
upon them, he believes that this labor is justified by the fact 
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that it has not been given to a question of merely abstract in- 
terest, but that the whole subjects of terrestrial radiation and 
the conditions of organic life upon our planet are intimately 
related to the present research. 

Spectroscopy has hitherto dealt almost exclusively with light, 
but in this new field we consider chiefly that great invisible 
spectral region in which the enéire radiation of the soil of our 
own planet is to be found, a region of which we have until 
quite recently known nothing. To see how the question of 
the lunar heat affects our knowledge on the whole subject of 
our planet’s temperature, we must remember that until a few 
years past, it had been assumed by all writers of repute that 
the earth’s atmosphere acted exactly like the glass cover of a 
hot-bed, and kept the planet warm in exactly the same way 
that the hot-bed is warmed, by admitting the light-heat of the 
sun, which was returned by the soil in the invisible radiation 
of greater wave-length to which the atmosphere was supposed 
to be impervious, and that thus the heat was stored, glass being 
till lately supposed to be practically athermanous to ad/ infra- 
red heat. It was a necessary part of this assumption that all 
or very nearly all the infra-red was absorbed by our atmos- 
phere, but in 1881, the observations of the Mount Whitney 
expedition, supplementing previous ones made at this observa- 
tory, showed that through the infra-red, as far as it had then 
been explored, the atmosphere transmitted the invisible rays 
with greater facility even than the luminous heat, so that the 
ordinarily received idea must be essentially modified, and, if 
the absorption of the telluric radiation did indeed take place as 
supposed, it must be in spectral regions then entirely unknown. 
It is in an examination of these, till now, quite unknown 
regions beyond the extreme boundaries of former researches 
on the infra-red, and in the study of the radiations of corre- 
sponding wave-length emitted from the lunar soil, that we find 
the principal subject-matter of the present memoir.* 

It is, in introduction, again pointed out that the absorption 
of the earth’s atmosphere for these radiations, as for all others, 
is not simple, but eminently complex, and that the old formule 
lead to gross errors in practice. Further, as the amount of 
radiation of a planet is like that of any other body, dependent 
on that of its surroundings, reasons are repeated for believing 

* The reader is reminded that the words “infra-red” have obtained an exten- 
sion of meaning since we have been able to show in previous memoirs, not only 
the vast amount of the energy in this region (which, in the case of the sun, is 
over 100 times that in the ultra-violet,) but that in this invisible infra-red there 
is every variety of condition, greater differences than there are e. g. between 


violet and orange light, aud that Melloni’s anticipatory comparison of varieties of 
radiant heat to varieties of color actually understates the truth. 
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that the so called temperature of space (a term due to Fourier 
and afterwards adopted by Pouillet who fixed its value at 
— 142° Cent.) has no sensible existence, but may be here treated 
as that of the absolute zero. 

There is next given a description of thé apparatus, which 
consists essentially of a siderostat, carrying an 18-inch mirror, 
and capable of sending a lunar beam of corresponding capacity 
horizontally into an adjoining dark room and keeping it fixed 
there during the night’s observations. In the path of the 
beam ean be interposed a large double screen of blackened cop- 
per, ordinarily filled with water. The beam then falls on a 
condensing mirror, whose ordinary aperture of 8 inches does 
not, as may be seen, utilize the whole of the beam transmitted 
by the siderostat, but has been selected in reference to the 
eapacity of the rock-salt train of lenses and prisms which forms 
the spectrum. This train is believed to consist of pieces of 
salt of hitherto unapproached perfection in er dl as at 
the time our investigation commenced, no salt prisms were pro- 
curable giving a single Fraunhofer line in the solar spectrum ; 
while with the actual rock-salt train, D is divided in the 
spectrum of the moon. The general construction of the spec- 
trobolometer, and of the special bolometer employed with it, 
will be found given in previous papers.* 

There are three principal methods of investigation : 

First; the measurement of the total heat of the moon with 
a concave mirror, admitting the interposition of a sheet of 
glass to rudely indicate the quality of lunar rays as com- 
pared with those of the sun. This method, which was that 
employed by Lord Rosse, has been very thoroughly practised 
here with results which have been partly given in the previous 
memoir. 

Second; A method, practised here for the first time, and 
yielding quite peculiar results, has been to form, usually with 
this same mirror, an image of the moon, but to now let this 
fall upon the slit of a special spectroscope provided with the 
rock-salt train referred to; and after expanding this excessively 
minute heat in this way, it has been found possible, with late 
improvements in the apparatus, to measure by the bolometer 
the different degrees of heat in the different parts of this lunar 
heat-spectrum, both visible and invisible. The doing of this, 
with its results, forms the principal subject of the present 
memoir. 

Third; since such a mirror as that just mentioned, owing to 
its short focus, forms an extremely small lunar image, in cer- 


* See this Journal, xxv, March, 1883, aud xxxi, January, 1886. For a 
description of the improved form of bolometer and -galvanometer, see vol. xxxii, 


August, 1886. 
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tain observations (carried on, however, only during a limited 
time), we have taken advantage of the sensitiveness of our 
apparatus to directly explore a large lunar image with the 
bolometer, in spite of the diminished heat in such one. For 
this purpose a special mirror, 303"™ in diameter and 3137"™ 
focus, giving a lunar image of about 30™" diameter, has been 
employed. On the occasion of a lunar eclipse the last named 
apparatus has also been used. 

e have already alluded (see Memoirs of the National Acad- 
emy, Vol. III, p. 20) to the especial importance of the action 
of the screen in these observations. This arises from the fact, 
as will be seen later, that we shall deal with lunar heat of a 
totally different quality from that of moonlight or sunlight. 
It is, in a large part, radiation emanating from the lunar soil, 
and of a quality, as we shall see, approximating that of the 
screen itself. It must be evident, then, that the radiations 
from this screen assume here a wholly abnormal importance. 

An investigation of the theory of the screen accordingly 
occupies a chapter, for which the reader is referred to the orig- 
inal. We may remark here, in passing, that the investigation 
incidentally offers an explanation of the empirically known 
fact that the velocity of cooling of a hot body at various tem- 

eratures of excess varies with that of the enclosure itself. 

he discussion also indicates what appears to be an independ- 
ent method of determining the absolute zero; but the method, 
although apparently correct in theory, would demand observa- 
tions more accurate than our own casual ones to give it practi- 
cal value. It may be, however, worth mentioning that the 
observations, such as they are, indicate by this novel method, 
the existence of an absolute zero at a point between —250° and 
—300° Cent. 

A list of all the observations in the lunar spectrum extend- 
ing from October, 1884, to February, 1887, is then given, 
together with some collateral ones upon the “ great radiator.” 
This latter instrument may be briefly described as analogous 
to an immense Leslie cube, presenting as it does a blackened 
radiating surface. of the temperature of boiling water and of 1 
square meter area. The object in giving it this extraordinary 
dimension, is to enable it to still angularly subtend the whole 
field of view of the bolometer, while it is at such a distance 
that the intervening column of air may be supposed to exercise 
a measurable absorptive effect. Its actual distance was 100 
meters, and at this distance the absorption of the intervening 
air on the dark radiant heat, emanating from its surface at 100° 
Cent., was in fact manifest, and gave evidence, novel and 
interesting, both as to the actual absorption by our atmosphere 
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for radiations from bodies of low temperature, and as to the 
spectral region where it chiefly occurred. 

This list includes, besides the described heat observations on 
the moon at every obtainable lunation, the following others: 


(1) On the heat during a lunar eclipse ; . 

(2) On the quality of the heat in the lunar spectrum at different 
stages of the moon’s age ; 

(3) On the direct heat observable from different regions of the 
moon’s face in an enlarged lunar image, and of comparisons 
of the heat radiated by the dark and by the bright regions 
of the moon ; 

(4) A eupplomestary investigation showing that different percent- 
ages of the radiations from these dark and bright regions 
were transmitted by glass ; 

(5) Observations giving the means of comparing the atmospheric 
absorption of lunar radiations in summer with that in winter 
for equal altitudes ; 

(6) Very numerous chewrvetions of the spectrum of the mid- 
night sky ; 

(These last are specially important here, where they are 
rendered necessary by the fact that this sky is the standard 
with which the lunar radiations are to be compared. These 
last observations give, for example, certain evidence of a 
great “hot band” in the negative sky spectrum, corre- 
sponding in position to the great cold band in the lunar 
spectrum, which is thus shown to be produced jointly by 
the absorption of the moon’s rays and by the absorption of 
the radiation of the bolometer to the intervening air-col- 
umn between it and the moon.) 

(7) Observations supplementary to the last, by comparative meas- 
urements of the sky radiation from the zenith to the horizon; 

(8) On further supplementary measurements made by comparing 
the energy in the spectrum of a lamp-black screen at 100° C, 
with that of the sky, showing the existence of several regions 
of atmospheric absorption, giving ‘“‘hot bands” in the nega- 
live sky-spectrum. 

(We only allude here, in passing, to the important infer- 
ence to be drawn with regard to the nocturnal radiations 
from the soil of our own planet, to which these observa- 
tions show that our atmosphere i is partially diathermanous.) 

(9) Of other measurements giving the means of estimating the 
total lunar radiation in terms of solar, 


but for these and many more subsidiary ones, the reader must 
again be referred to the original memoir. 

The only one of these subsidiary researches which needs fur- 
ther mention here is the measurement of the heat from differ- 
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ent parts of the eclipsed moon, on the night of September 23, 
1885. ‘ 

The diameter of the lunar image was 28°3"", and of this 
only a limited portion (0°08 of the whole), fell upon the bolom- 
eter. As the penumbra came on, the diminution of heat 
was marked, being measured by the bolometer even before the 
eye had detected any appearance of shadow. The heat contin- 
ued to diminish rapidly with the progress of the immersion in 
the penumbra, but at no time did the lunar radiation from the 

art in full shadow entirely vanish. At one hour before the 
middle of the total eclipse, the deflection in the umbra was 3°8 
divisions. Fifty minutes after the middle of the eclipse it had 
diminished to approximately 1:3 divisions, less than one per cent 
of the heat from a similar portion of the uneclipsed moon, a 
deflection so small that its significance may be somewhat doubtful. 
It need hardly be stated that this heat from the eclipsed moon 
was almost absolutely cut off by the interposition of glass. 
The rise of the temperature after the passage of the umbra 
was apparently nearly as rapid as the previous fall. The vicis- 
situdes of the lunar climate indicated by these observations in 
the short time of a few hours, must exceed the change from 
our torrid zone to the greatest cold of an arctic winter. 

In this connection it should be stated that repeated observ- 
ations on the dark side of the moon, have given only the same 
heat-spectrum as shown by the sky away from the moon, the 
conclusion being that, so far as our present observation carries 
us, the moon has no internal heat sensible at the surface, so 
that the radiations from the lunar soil, already spoken of, are 
to be understood to be due purely to solar heat which has 
been absorbed and almost immediately re-radiated. 

The principal method employed in the present research for 
determining the temperature of the surface of the moon is 
founded on the fact, already experimentally established by the 
writer, that the position of the maximum in a curve, represent- 
ing invisible radiant heat, furnishes a reliable criterion as to 
the temperature of the radiating (solid) body,* and on the fur- 
ther fact, established by Mr. F. W. Very and the writer, that 
two distinct heat maxima are observable in the lunar spectrum, 
one corresponding to the radiation reflected from the soil, the 
other to that emitted by it. It at first seemed, in accordance 
with what has just been said, that the accurate determination 
of the wave length of this Jatter maximum would give a cor- 
respondingly accurate determination of the temperature of the 
sunlit surface of the moon; and, accordingly, to this object the 
main portion of the observations were given. We may antici- 
pate what follows by here saying that by this method, a per- 


* Proc. Am. Assoc. for Adv,ef Sci., 1885; also this Journal, xxxi, Jan., 1886. 
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feetly correct one in theory, the writer believes that the 
temperature of the lunar soil could be determined with great 
exactness, were it not for the intervention of the earth’s atmos- 
phere, which exercises, in this part of the spectrum as in every 
other, a highly selective absorption, indicated here, however, 
not by fine lines like the Fraunhofer lines of the solar spec- 
trum, but by enormously wide “cold bands,” which vary in 
size and even in position from night to night,* rendering the 
exact position of this maximum in a corresponding degree 
indeterminate. 

Another chapter is occupied by an example of a single 
night’s work in detail, with a statement of some of the pre- 
cautions and corrections employed in practice. It may be ob- 
served here in general as to the apparatus, that while the rock- 
salt train, as already mentioned, is of such perfection as to 
show the Fraunhofer lines very completely in the lunar lumin- 
ous spectrum, the accompanying bolometer and galvanometer 
enable us to measure cold bands in the non-luminous lunar or 
air spectrum, whose heat is otherwise inappreciably so small 
that it corresponds to a radiation of zypayaa7 Of a small calorie 
per second, measured by the generation of a current of 
0:000,000,001 ampére. This is the amount of heat and cur- 
rent implied in moving the galvanometer image over 1™ of 
the scale. The image is quite steady enough under favorable 
conditions in fact to admit of the observation of less heat than 
this, giving deflections of fractional portions of a millimeter ; 
but owing to fluctuations in the absorption of our atmosphere 
which transmits this radiation, rather than to any limitations of 
the instrument itself, it is generally found best not to note de- 
flections of less than 1"™. What has just been said refers par- 
ticularly to measures of the diffused heat from the moon’s soil 
in the invisible lunar spectrum and of the corresponding spec- 
tral analysis of the reflected heat. When, however, we place 
the bolometer directly in the lunar image formed by the 8-inch 
aperture, the deflection throws the needle at once off the scale, 
and is found on more careful measurement to correspond under 
favorable circumstances toa potential deflection of about 1,500" 
divisions. Melloni, it will be remembered, obtained four or 
five divisions on his galvanometer with the thermopile and the 
meter polyzonal lens on Vesuvius, and the immense difference 
just noted is some indication of the advance of experimental 
physies in this matter since his day. 


* That an absorption band may vary in magnitude will excite no surprise, but 
that it should vary sensibly in position may appear to some in contradictiou with 
our knowledge of the fixity of lines in the upper spectrum. An explanation of 
the anomaly will be found in this Journal for Dec., 1888. 
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Theory of observation ; with typical example, showing method. 


Every observation on the moon, whether on its total heat, as 
observed directly in the lunar image, or on its diffused heat in 
the spectrum, should consist in a comparison of its radiations 
with those of the adjacent sky on either side of it. If our 
thermometric apparatus had an absolute scale, and there were 
no intervening atmosphere, it appears, in accordance with what 
has already been said, that such apparatus, when directed not 
to the moon but to “space” more or less adjacent, should indi- 
cate the temperature of this space, which is sensibly that of 
the absolute zero; and then, when it is turned upon the moon, 
supposing it to receive only the emitted and not the reflected 
heat, it would give, also on the absolute scale, the temperature 
of the lunar soil. In fact, with such an absolute thermometer, 
the preliminary comparison with space would be unnecessary. 
In reality, we use not an absolute apparatus with a natural 
scale, but a differential apparatus with an arbitrary scale; and 
if we could work without an intervening atmosphere, we 
should, even in this case, require to let the bolometer radiate 
to space in order to determine the point on our arbitrary scale 
which corresponds to zero. We should then observe a second 
point corresponding to the temperature of the lunar surface, 
and having determined the value of the units of our arbitrary 
scale in terms of the natural one, we should evidently have the 
quantity sought. 

The above conditions are still of ideal simplicity. ‘The great, 
the almost insuperable difficulty of actual observation, lies less 
in the minuteness of the actual radiation, or even in its two- 
fuld character, than in the fact that it is masked te us by the 
changes of an always intervening atmosphere. The case of 
observations on the sun is totally different from the present 
one, and would be so even if the sun were withdrawn till it 
emitted no more heat than the moon; for in this latter imagin- 
ary case, the greater proportion of the solar radiation would 
still lie in a spectral region totally distinct from that in which 
the radiations proper to the obscuring atmosphere are found, 
and it is the peculiar, unavoidable difficulty, at every stage of 
this long investigation, that since the moon and the air are both 
alike cold bodies, their invisible spectra are, in general, super- 
posed in the same field. Let us add to this, that the (invisible) 
spectrum of the air is usually not fixed but fluctuating, and we 
shall see the desirability of having some separate standard 
with which to compare it from night to night. This we obtain 
most conveniently by filling a vessel of proper shape and size, 
either with water or with a freezing mixture at a temperature, 
constant for the series, and making this vessel itself the screen 
which is interposed between the bolometer and the lunar rays. 
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The bolometer must remain unmoved, and the direction of the 
heat-receiving apparatus to the east or west of the moon must 
always be understood to be obtained by a slight motion of the 
siderostat mirror. 

That the minute change in the angle of presentation of the 
face of this mirror does not affect its own radiations apprecia- 
bly, might well be anticipated, but is a fact which has not been 
left unproven by direct experiment. The bolometer, then, en- 
closed in a non-conducting case which cuts off radiations from 
every object but the mirror or prism immediately in front of 
it, practically feels only the radiations from the moon, or from 
the sky immediately on each side of it, except when the screen 
is interposed. Mirrors and prisms do indeed radiate heat to it 
from their own substance, but these radiations may be consid- 
ered as absolutely constant, and as therefore absolutely negligi- 
ble during the brief cycle of a single observation. 

We confine ourselves here to the above general explanation, 
referring the reader who may be interested in the details of 
the observations to the original memoir, remarking, however, 
that the actual spectral position of a ray is given by a circle; 
reading to 10’ of are, and that previous measures of our own* 
enable us to convert this are into wave-length. This fixes the 
position of bands in the spectrum. The amount of heat in any 
portion of the spectrum is, within the narrow limits of errors 
of observation, strictly proportional to the deflection on the gal- 
vanometer scale (the cenditions of the bolometer, battery eur- 
rent, galvanometer, ete. remaining constant). As these degrees 
are arbitrary, they are converted into thermometric degrees by 
a process fully detailed in the original memoir. 

The preliminary record of the humidity, state of the sky, 
temperature, ete., is nearly self-explanatory. We need only ex- 
plain that “‘ Rock-salt lenses at 37™” refers to the fact that the 
focal length of these lenses increases from 35™ in the visible 
spectrum to one indefinitely greater with heat of great wave- 
length, and that this focus accordingly needs to be adjusted for 
the particular part of the heat spectrum under study. 

“ Deflection per degree Centigrade” refers to the use of a 
constant determined for each evening, giving the actual deflec- 
tion the galvanometer produces, for each degree of excess of 
temperature, in a certain standard Leslie cube at a certain 
standard distance from the bolometer. 

The order of observation consists first, in noting the time. 
(We will suppose, in the example which follows, that the time 
is 9h. 08 M. T., on the evening of February 9, 1887); next, in 
noting the prismatic deviation corresponding to the actual posi- 
tion of the bolometer in the spectrum, which in this particular 


* See this Journal, xxxii, August, 1886. 
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case is 41°08’ 30”, or that of the D line in the visible spec- 
trum. Previously to observation the bolometer has been 
radiating through the spectroscopic train and mirror to the 
special screen described, which, on this particular evening, is 
at the constant temperature of +18° Cent. Under these cir- 
cumstances, the needle will take up some position representing 
radiation to the screen, which at this first exposure we will call 
(A), its position here on our arbitrary scale being at the 215th 
millimeter. During this time the siderostat mirror has been 
so placed as to be sending toward the bolometer radiations 
from the sky on the east of the moon.* Call the effect of 
these particular sky radiations (B). They have been inter- 
cepted by the screen, but now the screen is withdrawn and the 
bolometer radiating to this eastern adjacent sky receives less 
heat than the screen gave it (213°2). The siderostat mirror is 
moved to throw on the image of the moon. Let us call the 
resultant deflection (C). The moon appears in this example 
very slightly warmer than the sky for the image moves on to 
213°4. Next by another adjustment of the siderostat mirror, 
the sky west of moon is thrown on. Call this result (D). The 
image on the galvanometer scale moves back to 211-9, indicat- 
ing cold. Finally the screen is interposed the second time. 
Call this second interposition (E). In an ideally constant ap- 


paratus, the second interposition of the screen should give the 
same reading as the first. Actually 210° divisions is obtained, 
instead of 215° as before, owing to the so-called “ drift” of the 
needle during observation. The mean of the two readings for 
sky-east and sky-west is now subtracted from that for the moon 
B+D 


and gives, under the column C — , the difference between 


the temperature of the moon and the sky in our arbitrary de- 
grees. It will be seen from a comparison of all the numbers in 
this column that there are fairly accordant indications of a max- 
imum near the prismatic deviation of 39° 30’ which corresponds 
with the wave-length of 2°“1, and approximately with the max- 
imum of the solar heat curve. There is another maximum of 
far greater magnitude near 87° 80’ (wave-length about 14°), 
corresponding to the maximum known to exist in the radiations 
of bodies at a temperature of about 0° Cent., and due, it would 
seem almost beyond doubt, to radiations from the sun-heated 
lunar soil. It will be seen also that all numbers in this column 
have one sign, i.e. the positive, indicating that throughout this 
series, without exception, the moon has been found warmer 
than the adjacent sky. This, indeed, is to be expected, since, 
without the atmosphere, the temperature of this sky would be 
nearly that of the absolute zero, and at any rate lower than 


* The area of sky observed is virtually the same as that of the moon. 
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that of the moon. ‘The difference is so considerable that even 
the temperature fluctuations due to the interposition of the in- 
tervening atmosphere in no case this evening hide the fact. 

In order to compare the fluctuating radiations of the atmos- 
phere with a constant source, we take the mean of the sky 
observations and compare it with the mean of the readings on 
B+D A+E 

2 2 
ference of but 0°1 division; but this is, as we have already 
observed, when the bolometer is directed towards the orange 
in the luminous part of the spectrum, and our cold screen, it 
need hardly be said, is not emitting any rays of orange light. 
We conclude, then, that the apparent deflection of 0-1 div. 
here has no real significance; but, as we go down the spectrum 
towards the region of the radiations from cold bodies, we find, 
beyond deviation 39° (A=4°"3), values which indicate a real 
excess of screen over sky radiations. 

We have selected the first number in our second series of 
Feb. 9, 1887, as the example, because this follows the normal 
course without marked instrumental disturbance The nature 
of these fortuitous disturbances and the methods adopted for 
their correction are explained in the original memoir. In 
many cases, as will be seen, they may cause the sky on one 
side or the other of the moon to appear momentarily warmer, 
although the mean of the two is colder. 

Comparisons of the sky and screen by directing the bolo- 
meter to the sky at the zenith and at the east and west horizons 
follow, and three double series at the most important points in 
the spectrum, made with the moon at a high, a low, and an 
intermediate altitude, give indications of the atmospheric ab- 
sorption. These, however, are not given here, but only the 
double series (No. 2) of which a literal transcript from the 
book of original entry now follows : 


the screen. In this particular case, gives a dif- 


Station, Allegheny. Spectrum thrown west. 
Date, February 9, 1887. Galvanometer No, 3. 
Wet bulb at 75 30™== + 119-2 C. Time single vibration=1 2°. 
Dry bulb at 74 30™=+ 16°00. nverna® Deflection per degree Centigrade=17°8. 
Temperature apparatus at 9" Bolometer No. 1; aperture=3™™=27’9, 
19°°8 C. Setting on D.=41° 087 30". 
External temperature, near the freezing Battery current=0°036 ampére. 
point. Reader at circle, J..P. 
State of sky at 8 30™ clear. Very good Reader at galvanometer, F. W. V. 
sky. 
Aperture of slit=3™™=27”9. 
Prism used L,: A==60° 00’ 28”. 
Rock-salt lenses set at 37°™. 
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| | 


Series IT 
9 08 |41 0830 215 213°2 211-9 210 
40 20 228 233 235°6 234°8 233°8 
40 183°8 183 181 180 
| 39 40 183°8 185 1882 1842 184 
192 193°5 1988 196 197 
| 39 185 1853 1884 186 188 
20™ | 38 40 197°7 196°2 198°3 197°5 197°8 
30 214 213 212 | 212°8 
182°5 183 183°6 184 
185  184°6 186°7 189 
191°6 184 1862 
175 1708 180 167 | 170°2 
161 159°4 168 
165 181°8 161:2 172 
171 166°7 1828 164 | 171°7 
173 169 182 1688 1762 
173. 1665 176 166 1%4 
174 184 178-2 
183°2 182 179°6' 180°6 


WS 


P 
LA 


PASK 


Temperature of Screen=18°. 


190 (185 1862 181 
191 (190 201°3 191°8 197-6 
199°5 193°8 205°5 192°2 200°9. 
1982 190 203 1868 195 
181°5 197-2 178 187-1 
188°2 182°4 180 1895 
189 183°5 2005 178 182 
181°4 176°3 188°8 176 
173°6 172°8 180°6 181 
185 183-7 185°8 185 188 
195 1959 198 199-7 
203 205 «201 
209°7 208 208°7 206 205°8 
206 207 211°2 207-4 209 
210 211°4 215 210°) 
200°5 201°5 205 201 
2092 215 211°6 
20 | 2145 217 214 215 
10° 20" | 410830 221°4 222 224:1 223-2 223 


Coos Ow 


The observations of this night may serve as a type of a 
great many others. They all show ¢wo maxima (see column 


c—8t”) whose apparent position differs little from that al- 


ready given in the example, and it may be added that in all 
cases the radically different character of the heat in these two 
maxima bears the proof of the independent test furnished by 
passing the rays through glass before measurement, the rays 
from the upper maximum passing freely, as rays belonging to 
the maximum of solar reflected heat should do—those in the 
lower maximum, on the contrary, being absolutely cut off by 


| 
| 
| 
om 
| —3-9 
a 
125 | —79 
146 | —82 
175 —8°'6 
19°0 —7'9 
{ 19°4 —4'4 
12°8 —2°7 
—3-0 
—06 
+0°2 
-—07 
| 
+0°7 
| | 
—0°4 
| +0°4 
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the glass, as rays of this wave-length from a source at a tempera- 
ture below that of boiling water are known to be. This test of 
the glass, employed by Lord Rosse in the direct lunar beam, is 
here, it will be observed, applied at different parts of the lunar 
heat-spectrum and its result in the latter case, corroborating that 
already obtained by the respective wave-lengths of the maxima, 
brings evidence of a radiation of heat from the lunar soil at a 
temperature at any rate below that of boiling water. 

Other observations furnish the means of computing the 
relative absorption of the earth’s atmosphere as exhibited in 
extended cold bands in the region of the lower maximum. 
Then, from a combination of the two, we are enabled to reach 
a certain approximation to the position and magnitude of this 
maximum as it would appear if the atmosphere had not inter- 
vened. The existence of some of the principal atmospheric 
cold bands in this region, due to the absorption exercised by 
an atmospheric column 100 meters in length, has been quite 
independently determined by means of the great radiator 
already referred to. During moist summer weather two prin- 
cipal maxima have been found in its spectrum, the larger at 
deviation 37° 15’, nearly agreeing with the lunar curve in 
summer, a second smaller maximum at deviation 38° 45’, and 
between them a cold band with its minimum at deviation 
38° 20’. Remembering that the unabsorbed spectrum from a 
radiating surface of lamp-black, at the temperature of boiling 
water, has its maximum at 38° 25’, or very near the deepest 
depression of the cold band, it will be recognized that we have 
evidence of a considerable absorption at this point. 

To this must be added the fact, shown by our observations, 
that in the case of solids the greater part of the whole heat is 
always found delow the maximum of the (unabsorbed) pris- 
matic curve. If this law hold in the case of the sun, since 
little heat is found below its actual prismatic maximum (near 
deviation 39° 40’), the inference is that absorption in that 
region (i. e. the ewtreme infra-red), must have been great. 

Arguments on these different lines, combined with another 
derived from a direct comparison of sun and electric are radia- 
tion, which will be described farther on, enable us to present a 
curve (Plate X) showing with the degree of approximation 
compatible to the first attempt in such a field, the atmospheric 
absorption in all parts of the spectrum. 

The final result of the measures, extending over the three 
years from 1884 to 1887, is given in Plate XI, in which ab- 
scissee correspond to deviations of a rock salt prism of 60°, 
vertical ordinates to directly observed heat from radiations, 
while the dotted curve indicates what seems to be the most 
probable position and amount of the lower maximum, as it 
would be observed were there no intervening atmosphere. 
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The following remarks may serve to make the full meaning of 
this curve clearer. 

The heat is a vanishing quantity at deviation 42° at the left 
of the scale (42° with a 60° prism at the temperature of 
+20° Cent., corresponding to a wave-length of 0°"48, or that 
of “blue” radiant energy). Confining our attention to the 
solid curve, we observe that it reaches a maximum near 
39° 40’=1"5, corresponding to rays of dark heat which are 
yet transmitted by glass, and which must be emitted from a 
source at a very high temperature. The maximum of the 
solar heat directly observed through the rock-salt train is found 
to be at the same point. There is no reason to doubt, then, 
that this maximum is due to the solar heat reflected from the 
lunar surface, and its actual effect is to produce a deviation of 
rather less than 20 degrees on the arbitrary scale of the galvano- 
meter from the small part of the spectrum covered by the 
bolometer. Continuing to go down the spectrum in the direc- 
tion of greater wave-lengths, and passing with casual notice a 
depression at 39° 15’ (A=3"-1), which, it is probable, would be 
found in the direct lunar spectrum were there no intervening 
atmosphere, we come to a very large depression at 38° 30’ 
(A=7") due almost beyond doubt to the rays emitted from the 
lunar soil having been here absorbed by our atmosphere. The 
conclusive evidence that this is due to the atmosphere is 
derived, first, from the constant appearance.of an analogous 
band in the heat spectrum of the sky away trom the moon, 
and second, from the independent observation of the existence 
of this band in the invisible spectrum of a terrestrial object 
after absorption by 100 meters of air. In the latter case it is 
always found distinctly marked in moist weather and can even 
be observed under circumstances favorable to its development, 
in the few meters of air within the length of the observing 
room. It is important here to remark that the maximum of 
the wnabsorbed radiation of a Leslie cube, at a temperature a 
little below that of boiling water, is found at the deviation of 
38° 20’ (A=8"), when observed by the same rock-salt train. 

Following the solid curve down the spectrum, we find it 
rise into its principal maximum just below deviation 37° 30’ 
(A, about 14”) where it attains a height of about 43 degrees of 
our arbitrary scale.* It is again most important to remark 
that this point, just below 87° 30’, corresponds to the maximum 
of the unabsorbed radiation of a lamp-blacked surface at a 
temperature of about —10°Cent. Were it not, then, for 
atmospheric absorption, we should assert with confidence that, 
so far as the radiations of a lamp-blacked surface and the 


*It may be interesting to observe that we infer from our bolometric observa- 


tions that the effect of the total and unconcentrated lunar radiation on a black- 


ened thermometer would be something like dgu° Cent. 
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lunar soil are comparable, the temperature did not exceed 
—10° Cent. Below this point, the curve falls off with inter- 
ruptions by several cold bands, until evidence of heat disap- 
pears near deviation 33° of our rock-salt train; but of this 
latter portion of the solid curve, we will not pause here to 
speak. The dotted line is an attempted reconstruction of the 
original curve of lunar heat as it would appear before atmos- 
pherie absorption. It is made by allowing for the amount of 
absorption directly observed in the sky radiation, and in the 
radiation from terrestrial objects at 1 low temperature, already 
referred to, supplemented by an estimate of atmospheric ab- 
sorption in this region inferred from a comparison of solar and 
electric are radiation, to be presently described ; and this con- 
structive maximum occurs near deviation 38° 15’ which cor- 
responds to the maximum of unabsorbed radiations from a 
terrestrial source at a temperature of a little over +50° Cent. 
Direct observation, then, of the lunar heat curve, indicates 
that the probable temperature of the lunar soil is between 0° 
and —20° Cent. This is subject to the effect of our atmos- 
phere which probabiy is to displace this maximum in some 
degree towards the position of greater cold; but the highest 
temperature we can assign by an allowance for this, is +50° 
Cent. Between these points, we believe it probable that the 
temperature of most of the lunar sunlit soil must lie. The 
temperature of the lunar poles has not been specifically deter- 
mined, but direct observation indicates that it is still lower. 
The relative amounts of the reflected solar and the emitted 
heat could evidently be obtained with satisfactory accuracy by 
measurements within the respective portions of the solid 
curve, were it not for the distorting action of the terrestrial 
atmosphere already mentioned. We must refer to the original 
memoir for reasons for estimating the total amount of the 
reflected radiation as little more than 4 of that emitted.* 


* Lord Rosse found that 87 per cent of all the solar rays were transmitted by 
a particular piece of glass which allowed 92 per cent of solar light to pass, and 
12 per cent of the total lunar beam. lle attempted from this to determine the 
relative amounts of the solar and lunar heat, but felt obliged, in the then state of 
knowledge, to make the assumption (which our subsequent researches have shown 
to be erroneous) that the glass absorbed adi the invisible rays, or that the lunar 
radiation contains 12 per cent of luminous rays, instead of less than 5 per cent, 
which is more nearly the actual case; but when Lord Rosse’s own observations 
are reduced with the aid of the facts determined by the writers. and representing 
the actually large transmissibility by glass of the invisible rays of shorter wave- 
length in the infra-red, his expression for the relative value (which we will 
call «) of the emitted part of the lunar radiation (whose transmission by glass 
is presumed from observations on a Leslie cube to be 1°6 per cent) becomes 
O87 +0°016a 

l+2 

Lord Rosse could have possessed. at the time his reductions were made, knowl- 
edge as to the diathermic properties of glass which has only been acquired since, 
his own observations would have given results for the relative amcunts of re- 
flected and radiated heat in somewhat remarkable accordance with our own, 


Am. Jour. Series, Vou. XXXVIII, No. 228.—Dec., 1889. 
28 


= 770, from which x=7:2 times the reflected solar part; so that if 
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The memoir, of which an abstract is here given, contains num- 
erous subsidiary researches and observations for which we must 
refer the reader to the original, only here mentioning two: 

First.—Temperature correction of a rock salt prism. This 
investigation of the change of refrangibility dae to tempera- 
ture was carried only far’ enough to give such approximate 
accuracy as served our immediate purpose, giving a value of 
—13” of are for each degree Centigrade, but ‘subsequent meas- 
urements have materially moditied this, and I give the value 
now adopted, which is —9’"5 the formula being 

where d= deviation, and ¢= temperature in Centigrade degrees. 

“Second. —Comparison of the intrinsic intensity ‘of solar radia- 
tion with that of the electric are in different parts of the 
spectrum. This observation of the comparative intensity of 
the sun and the electric light is given in the original memoir 
only so far as to show that it brings independent evidence of a 
large atmospheric absorption of the extreme infra-red rays and 
enables us to estimate approximately the amount of this absorp- 
tion at each point in the spectrum. The observations were not 
repeated to obtain such a thorough comparison as would be 
desirable. As they have never been printed, however, and 
since, as far as we know, none other such exist, we will yive 
them here under the caution that they are to be considered 
only first approximations. The light was that from the pit of 
the positive carbon of gas coke, one inch in diameter, with the 
current derived from a dynamo, actuated by an engine of 
ten horse power, and therefore certainly at least as intrinsically 
hot and bright as any smaller are-light in more common use, 
and presumably much more so. The apparatus was that 
already deseribed in the memoir “ On Hitherto Unrecognized 
Wave-lengths.”* 

The following table gives the observed galvanometer di flec- 
tions after applying a multiplying factor for the shunt, which 
had to be used for the larger 1 rei eadings : 


1 H 2 3 4 5 6 7 
Observed Calculated Calculated 
Deviation Wave- deflection Observed § deflection Observed ratio of 
Rock Salt Length. suwnafter deflection sunwithout, ratiosun unabsorbed 
60° Prism. absorption. are. absorption. and are. sunandare. 


ke iv. iv. div, 
0 373 34° 
0.398 38° 
0°489 60° 
0°587 ‘ 115° 
0-663 22: 204° 
0-749 32° 3° 450° 
0:96 763° 
1°13 1 783°0 59° 3 534° 
2°87 1 905°0 645° 
43 521°0 363° 
56 75.0 | 832° 
10°4 19°65 | 156: 


* See this Journal, xxxii, August, 1886. 
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° 
43 53 5°77 
q 43 17 7°67 21°8 
4l 54 632 14°4 
41 05 990 lll 
40 45 | 869-27 10°0 
| 40 27 9 93 91 
40 05 4°99 8°2 
39 54 3°88 11 
39 20 2°16 
39 00 | 9-92 
38 45 | 53 
38 00 | O60 | 4:0 
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The result of the comparison of the (of course unabsorbed) 
electric are with the radiation of the sun after absorption, as 
shown in the sixth column, is that this solar radiation in the 
orange and red is nearly ten times that of the are, while to- 
wards the violet end of the spectrum, the relative superiority 
of the absorbed solar heat diminishes, evidently because of the 
progressive increase of the atmospheric absorption in that direc- 
tion, which lessens the solar intensity without sensibly affect- 
ing that of the arc. The solar efficiency continues greater 
through all the infra-red spectrum known until very lately, 
while in the extreme portions recently investigated, it falls be- 
low that of the are. This is partly due to the fact that radia- 
tion from a source at a lower temperature (the are in this case) 
is relatively more powerful in the longer than in the shorter 
waves ; yet it can hardly be doubted that here also (that is, in 
the extreme infra-red) a very large atmospheric absorption has 
taken place. 

There is reason to believe that a considerable part of this ab- 
sorption takes place in the first few meters of air, while we con- 
elude, from all the evidence in our possession, that the real 
telluric absorption, being a locally selective one, is much greater 
than the comparison of high and low altitude observations 
alone would indicate. 

The import of this comparison will be still more evident 
from a consideration of the seventh column, where by means 
of the Allegheny tables of the solar absorption, we have 
calculated the ratio of the are heat to that of the sun before ab- 
sorption by the earth’s atmosphere. Although a large absorp- 
tion by the solar atmosphere has already taken place, we see 
that in the ultra-violet the solar radiation is from 20 to 30 
times that of the are, while that of the absorbed sun is only 
about 6 or 7 times. When we reach the region of the red and 
upper infra-red, we see that these ratios are nearly the same in 
the absorbed and unabsorbed solar radiation, showing that the 
terrestrial absorption in this region (which was once supposed 
to be its principal seat), is in fact very small, while in the 
regions of the extreme infra-red corresponding to temperatures 
not greatly exceeding that of the terrestrial soil (regions only 
revealed by quite recent investigation) the tellurie absorption 
again becomes considerable. 

The general result of this comparison is to enhance our ideas 
as to the rate of solar radiation, and as to the solar temperature. 
Comparisons of the total solar radiation with the total are 
radiation have (it may be observed) been made before, but so 
far as | am aware, comparisons of the heat in different portions 
of their spectra are here presented for the first time. 
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Principal Conclusion. 


Of the numerous conclusions to be drawn from this research, 
we here only direct the reader’s attention to what we consider 
the most important one, namely: That the mean temperature 
of the sunlit lunar soil is much lower than has been supposed, 
and is most probably not greatly above Zero Centigrade. 


Post Seriptum. 


I would ask to be allowed here to state that the very con- 
siderable expense for the special means and reduction of the 
preceding series of lunar researches was borne by one of the 
most generous and disinterested friends that Science has had in 
this country, the late William Thaw, of Pittsburgh. By his 
own wish, no mention of his name was made in previous pub- 
lications in connection with the results so greatly indebted to 
his aid. His recent death seems to remove the restriction im- 
posed by such a rare disinterestedness. 


Art. LIV.—Zhe Lower Cretaceous of the Southwest and its 
relation to the underlying and overlying formations ; by 
A. WHITE. 


[Published by permission of the Director of the U. 8S. Geological Survey.] 


THE Cretaceous strata which constitute what has become 
known as the Texas section are referable to two natural divisions 
which, in North American geology, may be properly designated 
as Upper and Lower Cretaceous respectively, although not im- 
plying thereby that they are respectively the equivalents of the 
Upper and Lower Cretaceous of Europe.* The fossil contents 
of each division indicates that each represents an unbroken 
portion of Cretaceous time; and the paleontological contrast 
between the two divisions indicates that there is a time hiatus 
between them. 

The Upper Missouri river section of Meek & Hayden, from, 
and ineluding, the Dakota Group upward, may be taken as 
representing the upper division, while the lower division, which 
I have heretofore designated as the Comanche series, has been 
often omitted by geologists from their sections of the North 
American Cretaceous, or its relation to other formations has 
been. imperfectly understood, or stated. Strata of the lower 
division have not been discovered to the eastward of the 95th 
meridian, and, with the probable exception of a locality in 


*In my future writings upon the North American Cretaceous I propose to 
make its division into Upper and Lower Cretaceous still more general. 
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central Kansas, none have been discovered farther north 
than the southern part of Indian Territory and the south- 
western part of Arkansas. 

The results of observations made by myself during the past 
season indicate that they do not extend so far northward in 
New Mexico as the central part of that territory, although 
they are known to exist in the extreme southern part. Several 
years ago M. Remond obtained a collection of fossils contain- 
ing characteristic species of the Lower Cretaceous from ‘“ the 
Sierra de las Conchas, near Arivechi, Sonora,” which were 
described and figured by Mr. Gabb in volume ii, Paleontology 
of California. This is the most westerly locality at which the 
Lower Cretaceous strata discussed in this article are known to 
exist, the Lower Cretaceous of California, which contains a 
totally different fauna, not being now referred to. Important 
exposures of the Lower Cretaceous strata which are discussed 
herein are known in the Mexican states of Chihuahua and 
Coahuila, and I have obtained some indirect indication of 
their presence in the States of Nuevo Leon and Zacatecas 
also. They are believed to extend still farther southward in 
the Republic of Mexico, but I have yet no definite informa- 
tion of it. 

The greatest known development of these Lower Cretaceous 
strata, as regards thickness, is reached in northern Mexico, but 
more abundant collections of the fossil fauna which character- 
izes them have been obtained within the limits of the State of 
Texas than elsewhere. This latter fact is probably due not 
more to the originally greater prevalence of the fauna there than 


_to the greater consolidation which the strata have -undergone 


in their westward extension and the consequent obscuration 
and inaccessibility of most of the fossils which the rocks there 
really contain. 

The contrast between the Lower Cretaceous of the South- 
west and the Upper Cretaceous which overlies it there, and 
which also prevails in the Atlantic, Gulf and Interior regions, 
is very great. The former, wherever it has been found, is 
shown by its fossils to have been an open sea deposit. The 
strata are either limestones or strongly calcareous rocks, sand- 
stones and argillaceous shales having never been found to enter 
largely into their composition ; and, except locally, it has not 
yet been found practicable to divide them into separate forma- 
tions upon paleontological grounds. On the contrary the 
Upper Cretaceous is largely composed of sand and other 
detrital material, plant remains are frequently found in its 
strata and, in the great interior region, portions of all the for- 
mations are coal-bearing. Furthermore, it is divisible into 
several separate formations which are recognizable over large 
geographical areas. 
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The paleontological contrast between the Upper and Lower 
Cretaceous is also great, as has just been intimated. With the 
exception of the Laramie formation at the top of the Upper 
Cretaceous series, and the Dakota at its base, all the formations 
of that series are characterized by marine fossils, and the south- 
ern equivalent of the Dakota formation is also of marine 
origin, as is shown by the character of its fossils. But while 
the marine faunas of the respective formations which compose 
the Upper Cretaceous are so related to one another by identity 
of a vortion of their specific and generic forms as to indicate 
that no complete chronological break occurred between any of 
them, such faunal relationship between the Upper and Lower 
Cretaceous, so far as is now known, does not exist. That is, 
not only are no known species common to both divisions, but 
many of the genera and some of the families of mollusks 
found in the lower, are not known in the upper, division. Be- 
sides the lithological and paleontological contrast between the 
two divisions, which has just been noticed as indicating their 
separateness, they have been found in some places to be plainly 
unconformable. 

The extent of the chronological hiatus between the Upper 
and Lower Cretaceous we have at present no satisfactory 
means of determining, because the Cretaceous record for our 
continent, so far as it is now known, is much broken below the 
horizon of the Dakota Group; because most of the known sub- 
divisions below that horizon are geographically widely separated 
from one another and all of them have not yet been thoroughly 
studied ; and also because the European record is not an adequate 
standard in-this case. For the latter cause, we cannot say with 
confidence that the Comanche series really represents any one 
of the divisions of the European Cretaceous from the Gault to 
the Lower Neocomian inclusive. Furthermore, while it is not 
at present improbable that this series is equivalent with the 
Queen Charlotte Island and Kootanie formations, as has been sug- 
gested by Dr. G. M. Dawson,* we have yet no direct evidence 
of it; that is, there is no known stratigraphical continuity be- 
tween those northwestern formations and the Comanche series, 
and no fossils have been found common to both. The pre- 
sumptive evidence of their equivalency is therefore apparently 
confined to the position which each is known to hold beneath 
acknowledged Upper Cretaceous strata and to certain probably 
contemporaneous displacements of the lower series which have 
occurred in both regions. 

The unconformity between the Lower and Upper Cretaceous 
of the Southwest, together with the faunal break between 
them, which have already been mentioned, make it evident 


* This Journal, vol. xxxviii, p. 122. 
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that the latest strata of the Comanche series are considerably 
older than the earliest ones of the Dakota Group, but we yet 
know of no formation, either upon this continent or elsewhere, 
which can be confidently assigned to a place between them. 
Between the Lower Cretaceous of the Southwest and the 
underlying formations there is a distinet hiatus which will 
presently be further mentioned. 

In Texas, east of the Pecos river, and in Arkansas and the 
Indian Territory, the Comanche or Lower Cretaceous strata, 
while they are frequently in the condition of ordinary firm 
limestones, often consist of friable, more or less concretionary 
caleareous layers, the prevailing color of the whole being light 
gray. All the strata are usually fossiliferous, often ~~ 
so, and it is from the less compacted layers that most of the col- 
lections of fossils have been made. Even where these eastern 
Comanche strata are most displaced, they rarely consist of 
densely compacted layers. 

East of Pecos river they are found on the east, south and 
west sides of the Texas Paleozoic area, where the series ranges 
in thickness from one hundred to eight hundred feet, with a 
considerable thickening above this in the neighborhood of 
Austin. Upon the western side of that area the whole series 
disappears from view by a westerly dip; and when it is brought 


"up again west of the Pecos in Texas, and south of the Rio 


Grande in Mexico, by the mountain uplifts which are presently 
to be further mentioned, it is found to have become greatly 
thickened and its strata all changed to compact bluish limestone 
closely resembling those of Paleozoic age, especially those of 
the Carboniferous of the great interior region. In_ these 
respects they are in strong contrast with all other known strata 
of the North American Cretaceous. 

Within the region that includes the portion of Western 
Texas which lies west of Pecos river, together with the ad- 
jacent parts of the Mexican states of Chiliuahua and Coahuila, 
there are numerous clusters and short ranges of mountains, a 
part of which are composed of erupted rocks, but many of 
which are true orogenic uplifts of stratified formations. It is 
the latter that have just been briefly referred to. These uplifts 
have brought to view strata of various ages including Lower 
Cretaceous, Carboniferous, Silurian and apparently still older 
strata. The Upper Cretaceous, including the Laramie, was 
also involved in the same displacements. Besides these strati- 
tied rocks, a erystalline granitic rock is sometimes observable 
beneath them, in the mountain ranges, which has sometimes 
the appearance of having been intruded, but it is not thought 
to have any relation to the erupted rocks which have. been 
mentioned as composing a part of the mountain ranges of this 
region. 
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One of these short ranges lying in the Mexican state of 
Chihuahua, 75 miles southeastward from Presidio del Norte, 
and known as the Sierra San Carlos, was observed by Dr. New. 
berry several years ago, and lately by myself, to consist mainly 
of the hard bluish limestones which, from bottom to top carry 
fossil forms which are characteristic of the Comanche series, 
These strata which are there strongly upturned and flexed, have 
a thickness of fully 4,0C0 feet, to which should probably be 
added 500 feet of similar and conformable strata at the base of 
the former, the only doubt as to their being a part of the 
Lower Cretaceous series there arising from the obliteration or 
obscuration of the contained fossils. These latter strata which, 
it may be incidently mentioned, contain deposits of argentif- 
erous galena, rest with apparent conformity upon others which 
are mostly siliceous, high'y metamorphosed, and probably of 
pre-Silurian age. The latter in turn rest upon the crystalline 
granitic rock which has already been referred to, and which 
seems to form the core of the mountain range. 

At the eastern base of the range about 700 feet in thickness 
of strata occur which bear Lnavceramus problematicus and 
other Upper Cretaceous fossils. The lowermost of these Upper 
Cretaceous strata are there almost vertical, and they are appar- 
ently conformable with the almost vertical Lower Cretaceous 
strata with which they are in contact; so that it is evident that 
both the Upper and Lower Cretaceous were involved in one 
and the same displacement. Because of this apparent con- 
formity the stratigraphical hiatus which is understood to exist 
between the Upper and Lower Cretaceous is not distinctly 
shown here. 

There is no apparent reason for supposing that the much 
altered strata which underlie the Lower Cretaceous in the San 
Carlos Mountains are of Mesozoic age, and therefore it is 
assumed that both the Jura and Trias, perhaps also the Carbon- 
iferous, Devonian and Silurain are absent there. It is such 
evidence as this of a great hiatus beneath the Lower Cretace- 
ous that has been referred to. 

The only other uplift of Lower Cretaceous strata that will 
be specially mentioned in this article occurs in the Chinate 
Mountains, in Texas, about 25 miles north of Presidio del 
Norte. At the eastern end of this range, near the Shafter 
silver mines, the Lower Cretaceous* strata are found resting 
directly and conformably upon the Carboniferous limestones ; 
both formations being composed of limestones which are so 
similar in color and lithological character that their difference 
in age would hardly be suspected by casual observation, and is 
only” demonstrable by the discov ery of characteristic fossils in 


* These Cretaceous strata also bear silver ores. 
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each. Omitting mention of the Permian, or uppermost por- 
tion of the Carboniferous system, which seems to be absent 
here, the hiatus between the Lower Cretaceous, and the Car- 
boniferous strata of the Chinate Mountains amounts to at least 
the whole of the Jura and Trias. 

This hiatus is no greater than is exhibited in others of the 
mountain uplifts in the region under discussion, and not so 
great as it is in some cases. Indeed, so far as I am now aware, 
the hiatus between the Lower Cretaceous and the next under- 
lying rocks is nowhere in all that region less than it is at the 
locality in the Chinate Mountains just mentioned. That is, 
both the Jura and Trias are believed to be absent there. That 
neither the Jura, Trias, or Lower Cretaceous occur between 
the Upper Cretaceous and Carboniferous in central New Mex- 
ico, accords with observations that I made there during the 
past season. So far as both the Jura and Trias are concerned, 
I have not yet been able to obtain any satisfactory proof that 
either of these geological divisions are represented by an 
North American strata south of the 34th parallel of latitude.* 


Art. LV.—On the Hinge of Pelecypods and its Develop- 
ment, with an attempt toward a better subdivision TT the 
group ; by Wu. H. Datu, Paleontologist, U. 8. Geol. Sur- 
vey, and Curator Dept. of Mollusks, U.S. National Museum. 


TuE attempt to divide the class Pelecypoda or Lamellibran- 
chiata into orders has so far been unsuccessful, or at least the 
subdivisions adopted have from time to time been found unsat- 
isfactory, on account of the discovery of forms which combine 
in their organization characters which had previously been 
regarded as diagnostic of important subdivisions, such as orders. 

This has resulted from the selection of characters as diagnos- 
tic which are really not fundamental in the evolutionary his- 
tory of the minor groups. As we gradually become pron, rar 
with the mutability of the adductor muscles, the gills, the 
arrangements for retracting the siphons and other factors in 
the mechanics of these organisms, the classification based upon 
their mutations has gradually ceased to satisfy students though 
one phase or another of it may still retain a place in ordinary 
text books. 


* Reference is not here made to the *‘ Dinosaur Sands” which lie at the base 
of the Comanche Cretaceous upon both sides of the Paleozoic area in Texas. 
These beds I have provisionally included in the Lower Cretaceous, but it is prob- 
able that they represent the ’otomac formation of the Atlantic coast region, and 
it is regarded as possible that they represent the uppermost Jurassic of Europe. 
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To cite a few examples it will be remembered that the most 
persistent of the early systems for classifying these animals was 
based on the number of adductor muscles or the scars upon the 
shell by which they might be traced. At first the groups of 
Monomyarians or forms with one adductor, like the oyster, and 
Dimyarians with two adductors, like the ordinary edible clam, 
seemed sufficiently well distinguished. Later when transi- 
tional forms like the mussel and its allies were carefully studied 
a new group, //eteromyaria was erected for those which would 
not fit into either of the others. 

3ut when it is considered that there are forms like Dimya, 
in which with a monomyarian organization two distinct adduet- 
ors are found, one at each end of the shell; that in Chlamydo- 
concha we have a specially modified animal with no adductors 
at all; that in Mvdleria we have the young (not larval) animal 
typically Dimyarian, and becoming in its adult stage as typi- 
cally monomyarian in its muscular apparatus as an oyster; then 
it is sufficiently evident that better and more fundamental 
diagnostic characters should be found or the so-called orders 
given up. 

Again, an attempt has been made to use the characters of 
one of the most mutable parts of the whole organism, namely 
the gill, as a basis for primary divisions of the group. I have 
shown elsewhere,* I venture to think conclusively, that this 
selection is ill-advised and cannot successfully solve the prob- 
lem 

The simplicity or sinuation of the pallial line has been re- 
garded as a character of high importance and has been used as 
diagnostic of divisions of primary importance. I have recently 
shown that, in certain groups, long siphons may exist with a 
simple pallial line, as in Cuspidaria; that in species without 
long siphons, members of the same family (Poremyide), and 
perhaps of the same genus, may show a simple or a strongly 

‘sinuated pallial line according to the modifications of certain 
muscular elements which certainly cannut be claimed to have 
any high systematic importance. 

The question is further complicated by the fact that certain 
characters, which in general are indicative of very early evolu- 
tionary divergencies, may be simulated or assumed as very 
modern special modifications brought about in animals of 
diverse groups by natural selection under the influence of spe- 
cial cireumstances. Species thus lately modified will very 
naturally be classed with those which bear the same or similar 
characters as the early result of very ancient ancestral diver- 

encies, and, as a consequence, other characters not harmoniz- 
Ing, the systems are thrown into confusion. These are difticul- 


* Bull. Mus. Comp. Zool., xviii, pp. 433-438, June, 1889, 
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ties among which the sum total of the organic characters must 
be our guide in attempting to decide. Only too often we may 
find, as knowledge increases, that our first judgment was more 
or less in error. 

In reflecting upon the origin of the complicated mechanical 
arrangements in bivalves which we call the hinge, I have come 
to the conclusion that here, as in the cases of the mammalian 
foot and tooth, elaborated so clearly by Cope and Ryder, we 
have the result of influences of a mechanical nature operating 
upon an organ or apparatus in the process of development. 

The hinge of a bivalve, reduced to its ultimate terms, con- 
sists of two more or less rigid edges of shell united by a flexi- 
ble membrane or ligament. 

The ligament may be wholly external or may be supple- 
mented by an internal addendum (called the cartilage), which 
exerts a stress in the same direction within certain limits. The 
movements of the hinge are dependent upon the elasticity of 
the ligament and cartilage and upon force exerted by one or 
more adductor muscles uniting to the valves 

The rigid edges or cardinal margins of the valves may be 
simple or modified by the presence of interlocking processes 
known as teeth, whose purpose is to regulate the direction of 
the valves in opening and closing. 

There are three fundamental types of hinge: 1, the simple 
edentulous margin closing by simple apposition of the edges of 
the two valves; 2, the hinge in which the teeth are developed 
in a direction transverse to the cardinal margin; 3, the hinge 
in which the direction of the teeth is parallel to the margin. 
The mechanical features of the second and third types may be 
more or less combined ina single hinge, but the affinities of 
the particular form in which this may occur are usually not 
difficult to determine on a general survey of all its organic 
characters. 

I am disposed to think that the time relations of the differ- 
ent types are those of the order in which | have cited them; 
the most perfect hinge, morphologically speaking, would be 
one which should combine the most eflective features of the 
second and third types. 

The archetypal form of bivalve may be imagined as small, 
with nearly equilateral, symmetrical, sub-circular valves with 
edentulous cardinal margin and a short external ligament 
nearly central between the umbones. This is the character of 
many larval bivalves at the present day, though it is probable 
that many of the forms now edentulous in the adult state, have 
passed through an evolutionary stage in which they had amore 
or less denticulate hinge-margin, while their present condition 
is one in which the hinge has diminished in complexity or, in 
other words, undergone degeneration. 
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Very few of the earliest known bivalves appear to have 
hinge teeth, yet this may be on account of our imperfect 
knowledge of many of them since they are often represented 
by fossils in which no evidence of the hinge structure is dis- 
cernible. It is highly probable that the evolution of hinge- 
teeth closely followed the differentiation of the Pelecypod 
elass and that the segregation of the muscular apparatus for 
closing the valves into two bunches or adductors was accom- 
plished very early in its history. 

The first bivalves are all small, as far as known, when com- 
pared with a majority of their descendants. It is highly 
probable that they possessed a developed foot and that their 
gills were either lamelliform on either side of an arterial 
stem, as in Wucula, Solenomya and many Gastropods, or fili- 
form, as in Dimya and certain Pectens. The siphons were 
probably little developed and the lobes of the mantle rather 
widely separated or perhaps entirely free. 

As long as the shell remained small and subglobular, the 
ligament short and wholly external, the imperfect character of 
the hinge was of less importance. With the essential differ- 
ence between the anterior and the posterior halves of the 
animal, and especially with any material increase in the magni- 
tude of the adult, more or less discrepancy would develop 
itself between the two ends of the shell, the subglobular form 
would disappear, and certain other consequences would follow. 
Either the ligament must increase with the size of the shell 
and become longer or its power would become inadequate for 
the proper performance of its functions. 

Here I will turn aside for a moment from the direct line of 
argument to describe the mechanical relations of ligament and 
shell, a proper understanding of which is very necessary to the 
comprehension of the whole. question. 

With a wholly external ligament the operation of the valves 
is that of two appendages to the free ends of a C-shaped 
spring. The action of the muscles in pulling the valves 
together includes the bringing nearer to each other of the two 
extremities of the ligament which the latter by its elasticity 
resists, consequently the operation of the ligament is in the 
direction of epening the valves to a certain distance. Beyond 
this distance the separation of the valves tends to compress the 
ligament, which again resists, and therefore beyond the normal 
distance of separation the action of the ligament tends to pre- 
vent the valves from opening. This very simple matter may 
be observed by any one who will examine an ordinary clam 
with the ligament in fresh condition and whose adductor 
muscles have been severed. 

When the ligament, in harmony with the elongation of the 
cardinal margin, becomes elongated it must be either straight 
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or angulated. For obvious reasons a ligament forming a curve 
or the are of a circle is mechanically impossible This any 
one may prove to his own satisfaction by putting two light 
wooden saucers edge to edge, convexity outward, and attach- 
ing a leather or paper ligament by cement. A curved liga- 
ment when the valves open will tear or break at once, either 
itself or the edge to which it is tixed. In other words, the 
axis of motion of the hinge must be in a straight line. If any 
part of the ligament diverges from the axial line, it must cease 
to take part in the axial motion and must be capable of stretch- 
ing to an extent which will neutralize its angulation, or it will 
be broken or torn away. But if the thickness of the ligament 
increases ventrally, as may be the case when it is situated 
between the valves rather than as an arch above them, a 
certain portion may extend to and beyond the axial plane in a 
downward direction. The portion thus projecting will then 
partake of the axial motion in an opposite sense to that portion 
which remains above the axial line. It will be compressed 
when the latter is stretched by the closing of the valves and 
will expand as the opening of the valves allows the external 
portion to contract. This change may be brought about by a 
downward angulation of one end of the ligament (as in Soleno- 
mya) or asa simple downward growth, which may be ¢entral 
(as in Wedlonella or Galeomma). The former may be the 
result of an angulation of the hinge-margin consequent on 
elongation or ventral extension. Its result is to separate a 
terminal segment of the original ligament, which segment may 
be totally detached or remain physically connected; while in 
either case its mechanical function has undergone a reversal of 
direction. 

The second mode likewise removes a segment but in a 
vertical direction. This segment may be physically continu- 
ous throughout its upper portion with the lower portion of the 
superjacent ligament, it may be wholly detached, or it may be 
attached by one extremity while the other is separated ; in the 
last case its direction will be oblique or at an acute angle with 
that of the original ligament. This detached segment what- 
ever its position has always similar mechanical relations to the 
movement of the hinge and is called the cartilage. The sepa- 
ration of the cartilage from the ligament is generally either 
central or toward the shortest end of the hinge, which is usu- 
ally the anterior, owing to the fact that when the size of a 
lamellibranch increases, the siphons, the ovaries, the visceral 
mass or the gills are the organs where proportionally increased 
growth is most likely to occur, and these are usually central or 
posterior to the umbones. In Solenomya, which is exceptional 
in having a posterior cartilage, the posterior portion is shortest. 
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The amount of shifting required to put part of the ligament 
on the ventral side of the axis of hinge motion, or cardinal 
axis, is extremely small. All stages of “the changes involved 
may be observed in the Nueulacea, even to one not hitherto 
mentioned where the cartilage has been developed and has 
subsequently become obsolete or altogether disappeared (J/a/- 
letra), while leaving some traces of ite former presence in the 
shape of an empty and degenerate fossette (’eurodon). It is 
noteworthy that this suborder, in which the shell gives us so 
many hints as to processes which we may imagine to be of 
great antiquity, should on other grounds be regarded as among 
the few which best retain traces in the soft parts of archaic 
stages of development. 

With the lengthening and angulation of the cardinal margin 
the ligament gradually shifted to a point where it became 
posterior to the beaks. Perhaps it would be better to say that 
the portion in front of the beaks either became segmented off 
as a cartilage, or became obsolete and vanished, while the por- 
tion on the posterior side gradually elongated, as the elonga- 
tion of the posterior hinge-margin rendered a longer ligament 
more useful. It has already been pointed out that a curved 
ligament would involve stresses leading to its own destruction. 
The curvature of the cardinal margin, now the common prop- 
erty of a vast majority of bivalves, was inevitable with increase 
in size and a symmetrical development of the anterior and pos- 
terior ends of the body. Consequently that the ligament 
should be shifted was a mechanical necessity, unless the evolu- 
tion of the group was to be confined within extremely narrow 
limits as regards hinge characters. 

The infolding of the ligament and the development of a car- 
tilage and its supports would be especially likely to occur in 
forms with a thin edentulous hinge, where the least shifting 
would be necessary (Solenomya, Anatina) rather than in those 
with a broad flat hinge-margin. In harmony with this propo- 
sition we tind the archaic forms with internal ¢ artilage have 
generally a narrow edentulous cardinal border, the exceptions 
belonging to the more recently specialized types (J/actra, 
Spondylus) while the groups without an internal cartilage 
contain the broadest and heaviest types of hinge (Pectuneulus, 
Veneride. ) 

The infolding of a cartilage which arose by longitudinal 
segmentation would leave a line of weakness in the arch of the 
umbones. In thin shells with strong adductors there would be 
a tendency to fracture here. This singular feature has been 
perpetuated in what may be termed the normal umbonal 
fissure of Solenomya, Periploma and similar forms. Traces 
of it are evident in Zhracia, while the unfractured suture it- 
self is visible in /socardia, Pachyri isma, Pecchiolia. 
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In the thin-shelled Cuspidariide a special buttress is often 
developed to support the shell at this weak point. In the 
Tsocardiide an independent eartilage was possibly never devel- 
oped, but the infolding of the anterior part of the ligament 
went far enough to leave permanent traces on the shell. That 
it did not result in a cartilage if this was the case may possibly 
be due to the fact that, owing to the great size and spiral char- 
acter of the umbones, the anterior part of the ligament was 
turned up instead of downward, and therefore did not tend to 
shift toward the interior. 

If it is not clear how the thickening or vertical extension of 
the ligament below the cardinal axis should cause its separation 
into two parts, I need only recall the familiar experience of 
every one in breaking off a wire or piece of tin by bending it 
backward and forward on the line of the desired fracture. 
The mechanical principles and results in the two cases are pre- 
cisely similar. 

When finally developed in the same individual the ligament 
and cartilage work in identically the same manner but in dif- 
ferent directions. The resistance of the ligament to compres- 
sion prevents any straining of the adductors by a too wide 
opening of the valves. The-same resistance in the cartilage 
prevents the ventral margins from crushing each other by sud- 
den and violent contractions of the adductors when the animal 
is alarmed, and closes its valves. 

The nymph, or processes to which the ligament is at- 
tached, and the fossette, or socket of the cartilage, have been 
strengthened and regulated by the development of various but- 
tresses and other devices, varying in different groups. The 
cartilage in turn has its rigidity and strength increased in 
many species by the special development of shell substance 
known as the ossiculum. 

To return to the development of the cardinal margin. The 
asymmetry of the shell and ligament relative to a vertical 
transverse plane passing through the umbones, would be pro- 
moted not only by the natural discrepancies between the ante- 
rior and posterior halves of the body, but by the mechanical 
effect of the projecting umbones. Where a shell opens later- 
ally, in the strict sense of the word, unless the beaks are very 
inconspicuous, or are separated by a wide projection of the car- 
dinal border (as in Arca noe), they will strike against and wear 
out one another. This abnormal or accidental result is very 
constantly observable in many Anatinida, such as our own 
Thracia Conradi. But it must be a source of weakness and 
danger to the animal. If the ligament is shifted posteriorly 
the valves must open more obliquely, with a result that this 
dangerous friction will be avoided in most cases. 
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In a protective armor like the valves of bivalves, other 
things being equal, it will be obviously beneficial if not abso- 
lutely essential that it should offer as few weak joints or open 
spaces as possible. Burrowing animals, who themselves serve 
as a supplementary defence of their burrow, may be able to 
perpetuate gaping shells and exposed siphons without serious 
danger from their enemies. Those animals which burrow but 
slightly or live in material which enemies may also easily pene- 
trate in their forays, will unquestionably benefit greatly by an 
accurate and exact closure of the valves. The intrusion of 
solid bodies can be to some extent guarded against by the 
action of the cilia or processes of the mantle margin, but such 
intrusion would be greatly facilitated by any organization of 
the hinge which would permit an independent rocking motion 
of the valves with respect to each other. The sudden closing 
which danger incites leaves no time for clearing out obstrue- 
tions and the gap is especially liable to the incursion of gravel, 
ete., in species which live with the plane of junction of the 
valves in a vertical direction. In certain brachiopods such as 
Glottidia and Piscina such a semi-rotary motion of the valves 
exists, but is less dangerous to them since the plane of junction 
with them appears to be generally horizontal. 

To avoid these dangers and to guide the motion of the valves 
in closing, and to prevent their sliding upon one another after 
closing, Nature, through natural selection and physical 
stresses, has developed these cardinal processes which are 
known as teeth. 

Attention has already been called to the fact that there can 
be but three fundamental types of hinge, which may be called 
the anodont, prionodont and orthodont, the latter term being 
used to indicate the forms in which the cardinal margin has 
become longitudinally plicate. Actually the pure orthodont 
type hardly exists ; in nearly all forms traces of the prionodont 
characters are mingled with it. For those forms in which the 
archaic anodontism still persists as the characteristic of chief 
importance, though frequently modified by special mechanical 
contrivances which to a certain extent mask the type, I have 
proposed the term Aiomalodesmacea. The fossette, cuilleron 
or spoon-shaped process for the cartilage is a separate develop- 
ment serving a special purpose ; though influencing the teeth, 
if any exist, in its vicinity, it must not be confounded with 
them. The weakness of the anodont type has left an opening 
for the specialization and perfection of this process which, to a 
considerable extent in this group, assumes the functions which 
in groups without a cartilage are the special office of the 
teeth. 

For those forms in which transverse plication of the hinge is 
the chief characteristic, though rarely wholly exclusive of 
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orthodont influence, I have used the term Prionodesmacea. 
In some cases what may seem to be the chief features of the 
hinge as regards size and strength are orthodont, yet these I 
believe to be comparatively modern specializations illustrating 
the general tendency of evolutionary processes toward a teleo- 
dont hinge. In cases of doubt the sum of the characters will 
enable us to decide on the proper place for a given genus. It 
must not be supposed that, because the names suggested by a 
single set of characters are used to denominate the proposed 
orders, that therefore that set of characters is to be our sole eri- 
terion. Such too hasty assumptions are a relic of the days 
when the immutability of species was an orthodox dogma in 
biology, and doom to failure any system founded upon them. 

For those forms in which the various types of hinge have 
become harmoniously combined, though in varying proportion 
contributing to the final mechanism, | have selected the desig- 
nation of Zeleodesmacea. These may be regarded as the 
highest and evolutionally the most _ in type of hinge, 
though this perfection shows itself in a variety of forms. 
Prionodont traces remain with most of them but are never 
characteristic of the type. 

The three groups | propose to call Orders. It is difficult to 
say whether they can be compared in systematic value with 
orders in other classes. All that can be said is that these three 
divisions are discernible in the very compact and homogeneoug 
class which includes them, and it contains no other groups of 
equal value or significance. 

Each Order as it now exists contains archaic and modern spe- 
cialized types. Each indicates a tendency toward an ideal of 
fitness to the environment, which results in a certain parallelism 
of minor characters common to minor groups in each of the 
three orders. In each (we are coming to regard it as inevitable), 
certain members show affiliations with members of the other 
orders. In each there are certain groups which represent a 
relatively modern specialization carried so far as to be quite 
peculiar. 

Pearliness or a truly nacreous character of shell substance is 
a source of weakness. This kind of shell is more fully per- 
meated with animal matter, is more liable to decay and exfolia- 
tion and is more readily drilled by enemies than the arragonitie 
type of shell substance which conchologists call porcellanous. 
The tendency of evolution is to promote the porcellanous 
type. The older groups (Prionodesmacea and Anomalodes- 
macea) contain all the pearly Pelecypods, among the Ze/eodes- 
macea there is not a single one. Furthermore, in the two 
former orders the most specialized and, developmentally, the 
most modern forms are preferably porcellanous; those which 
Am. Jour. -.aae, Serres, VoL. XXXVIII, No. 228.—Dec., 1889. 
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we may reasonably regard as of more ancient type tend to 
pearliness. For example in the Anomalodesmacea the most 
striking instances of specialization are the Pholads, Tubicole 
and certain Myacea, al] are earthy or at least not pearly. The 
Anatinacea which paleontologically are very ancient, are 
largely pearly. The /?rionodesmacea have few porcellanous 

roups, but those which show this character, such as Ostrea and 
y a a generally stand at the nearer end of the long line of 

rogressive modification. There are exceptions to this, such as 
Finderia in the Vuculacea which is obtrusively porcellanons, 
while Leda and Solenomya, which retain so many archaic fea- 
tures in their soft parts, have almost lost the pearly layer while 
still falling short of the porcellanous character conspicuous in 
most of the Zelvodesmacea. The Arcas conspicuously earthy 
in their shells are mvudern in their total characters compared 
with the pearly Nuculas. Turning to Gastropoda for a mo- 
ment we find that /’/ewrotomaria, one of the very earliest types 
of that class which can be recognized in the now existing fauna 
is extremely pearly. On the whole the relation between the 
two types of shell substance if not constant enough to be 
called a rule is sufficiently so to be extremely suggestive. 

I have already suggested the mechanism of the infolding 
which resulted in the cartilage and its supporting socket. It 
is a very difficult task to account for the initiation of all the 
types of teeth. A few suggestions may be ventured upon. 

The radiating or transverse corrugations which we see in 
ribbed shells are not merely ornamental. They serve to add 
strength while they do not increase the weight as would a cor- 
responding thickening of the shell. A familiar example of 
the same principle is afforded by the corrugated sheet metal so 
frequently used by builders. The ends of these ribs impinge 
on the margin of the shell and crenulate it when the shell is 
thin. Crenella is a notable example. Many Mytilacea ex- 
hibit a similar structure. These crenulations of the hinge line 
and margin are not to be distinguished from nascent teeth and 
have frequently been described as such by naturalists. Vucw- 
locardia of Orbigny is a well known instance. The crenula- 
tions of the margin are useful in securing a close fit between 
the closed valves, whether at the cardinal or the basal margin. 
But they would be more useful at the cardinal margin because 
there they would prevent sliding of the valves upon one an- 
other before they were completely closed, as do the long teeth 
of the Wuculacea. Hence. it is probable that they would be 
perpetuated and specialized there even if the ribbing disap- 
peared from the exterior of the valves. Greater stress arising 
from friction and pressure resisted, would tend towards the 
thickening, widening and even buttressing of the cardinal 


| 


Dali— Hinge of Pelecypods and its Development. 455 


margin, until the hinge plate became developed and sufficiently 
strong to perform its functions with success. This is one of 
the ways in which a Prionodont hinge might be initiated. 

- The Anodont hinge, to reiterate, is a weak and unsatisfactory 
type. Its features could hardly continue to exist except in a 
burrowing and tubicolous generation. To some extent its 
features has been made up for by an asymmetry in the valves 
which permits a smaller valve to fit into a larger one. This is 
a very successful device as there can be, as long as the larger 
margin remains unbroken, no question of failure to close the 
valves. But the projecting margin of the larger valve isa 
weak feature, much more likely to get fractured than the con- 
vex combined edges of two. Once fractured the mollusk 
would be defenceless until he could mend the breach. More- 
over, in moving about, a practice more common with Pelecy- 
pods than is generally realized, the asymmetry of the valves 
would be a nuisance, always tending to shift the traveler out 
of the line he might desire to take. We find, as we should 
expect, that the Anodont hinge is persistent with tribes which 
are borers, tube-dwellers, or burrowers; for the most part very 
sluggish creatures. In cases where the ventral margins of the 
valves do not meet, there is of course no especial call fora 
dentiferous hinge as the valves play the subordinate part of a 
dorsal shield. This is the case with Solenomyua where the 
ventral hiatus is partly shielded by projecting epidermis. 
Most of these forms depend apparently quite as inuch on their 
activity and the protection of their burrow, as they do on that 
afforded by the valves of the shell. A reversion of the pro- 
cess is seen in the case of some groups like. Anodonta, in which 
the edentulous hinge is the result of degeneration from a den- 
tiferous type such as Unio. The dentiferous forms retain 
their teeth in the streams and rivers where they are subject to 
numerous casualties and much knocking about; while in the 
still water and soft mud of silent ponds the teeth vanish and 
the protective shell reaches its limit of practicable tenuity. 
One type of “cardinal” (as opposed to the so-called “ lateral ”) 
teeth would arise through the modification of an Orthodont or 
a Prionodont hinge at one end (as in Jlacrodon) so that part 
of a row of teeth originally similar would come to differ 
from the rest. Many peste show stages of such a mode 
of change. 

Another type would arise from the plications of the hinge 
parallel to and induced by the formation of a fossette or pro- 
cess for the internal cartilage. Such teeth or plications may 
be observed in most Pelecypods having an internal cartilage. 
All stages of development of this type may be observed, from 
the barely traceable parallel ridges of Cuspédaria, for instance, 
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to the highly developed and specialized cardinal teeth in 
Mactra. Thus it will be observed the teeth called “ cardinals ” 
in Pelecypods are by no means all necessarily homologous ; 
and it is even conceivable that cardinals of both types might 
come to be united in the hinge of a single species. 

The development of lateral teeth from transverse teeth is a 
very easy process of which a full exhibit might be made by 
arranging in a continuous series the valves of selected Arcacea 
and Wuenlacea. It is probable however, that not all Orthodont 
dentition originated in this way. The thickening of the car- 
dinal margin ‘rendered necessary by the stresses involved in the 
mechanical operation of cardinal teeth or strong external liga- 
ments, would render parallel plication of the ‘thickened area 
along the margin not only easy but almost inevitable in some 
cases. The infolding of the edge of the mantle necessarily 
accompanying the produetion of a strong specialized socket 
for an internal cartilage would lead incidentally to occasional 
deposition of shelly matter in ridges parallel with the longer 
edges of such sockets. The greater efficiency in guiding the 
valves to effective closure, in “proportion to the increased dis- 
tance from the umbonal region, of such interlocking plications 
would tend through natural selection to the perpetuation of 
favorable variations and to their gradual removal farther and 
farther from the beaks until the most useful distance was 
attained. 

When we consider the remarkable uniformity in hinge char- 
acters attained by the species with more perfected forms of 
hinge, through long series of individuals, it seems almost in- 
credible that these results should be brought about by the 
action of a thin soft film of secretive tissue, which, unaided, 
could not hold itself erect. It is only when we remember that 
the result, in the main, is brought about through the action 
and reaction of certain definite mechanical stresses, propagated 
through the hard valvular skeleton and constantly imposed 
upon the softer tissues, that any adequate reason for the mar- 
vellous uniformity presents itself. There are certain groups 
such as the Zsocardiide in which the hinge seems still to be in 
what may be termed a transition state. With these no such 
strict unifurmity prevails. While the differences are not ex- 
cessive, yet the hinge of each individual specimen compared 
with others of the same age will show individual characteris: 
ties and the changes which the hinge undergoes in the same 
individual between adolescence and old age are greater than 
one would ordinarily find in the whole membership of a 
species, say of the Veneride, taking all ages, above the larval 
stage into account. 
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We may now proceed to consider the groups of which these 
orders should be made up. 

To the Anomalodesmacea I refer the Anatinacea, the My- 
acea, the Ensiphonacea or Tubicole, the Solenomyacea and the 
Adesmacea. 

In the first three groups or suborders we have forms whose 
relationship will hardly be questioned, embracing also some 
instances of the most remarkable specialization of characters. 
To refer to a few I may mention Aspergillum, Clavagella, 
Cuspidaria and Poromya, using these names in their widest 
sense. 

From several characters of the gills and other soft parts 
paralleled in the Wuculacea, Solenomya was at first aftiliated 
by me with the Prionodonts. On mature consideration, while 
admitting that the last word on this subject has not yet been 
put on record, I am inclined to believe that this genus is an 
Anodont which has retained certain archaic features of the soft 
parts and represents in the Anomalodesmacea a survival analo- 
gous to that of the Wuceulacea among the Prionodonts. 

From a very early period the Solenacea have been associated 
with the forms now gathered in this order. Prof. Verrill has 
called attention to the fact that Zagelus caribeus and its 
allies have the organization of Zellinacea, and I have removed 
them to the vicinity of /?sammobia, in my Check-list of the 
Marine shell-bearing Mollusks of the Southeastern coast of the 
United States.* But are the Solenide to be left behind ¢ 
After due consideration I can see no sufficient reason for such 
a course, and conclude that the united siphons and burrowin 
habit, with its resulting specialization, do not warrant it. T 
have therefore excluded them. 

In the Adesmacea or Pholadacea we have the most remarka- 
ble specialization of the hinge known in the whole class. The 
relations of the parts are best understood by a study of the 
open-shelled forms like Zirphewa crispata or Barnea costata 
and the young of the closed Pholads. In the adult forms of 
the latter specialization has proceeded so far that the true rela- 
tions of the parts are more or less masked. 

In Barnea costata we have the anterior dorsal margin of the 
valves reflected dorsally until the anterior adductors following 
the shell pass the axis of motion of the hinge and pull at the 
short end of the lever, tending to open the valves instead of to 
close them. The posterior adductors pull in the normal way 
and balance the anterior ones. The ligament is reduced to an 
ineffective film. The cartilage remains as a survival, but 
reduced to such dimensions as to be practically of no use. Its 
elastic properties are lost and it merely serves to connect two 


* Bull. U. S. Nat. Mus, No. 37, 1889. 
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little processes, the feeble remnants of the original fossettes. 
An appendage analogous to and possibly homologous with an 
original ossiculum has (that view being taken) revolved around 
the cartilage, taken its place outside of the axis of motion of 
the hinge, and instead of keeping the valves from crushing 
each other by checking the closing stress of the adductors 
as in Verticordia or Bushia and other Anatinacea, it accom- 
plishes the same end by locking over the reflected edges of the 
shell on the dorsal surface acting, like the anterior adductors, 
on the short instead of the long arm of the lever, and as before 
in a sense opposed to the action of the adductors. Though 
greatly specialized and modified this appendage retains some- 
thing of the butterfly shape of a broad ossiculum. 

An appendage, sometimes called the styliform process or 
apophysis, with its proximal end attached in the hollow of the 
beaks, has been homologized by Deshayes with the cardinal 
teeth. In Pholas costata it supports the posterior oral palpus 
which is very massive, and some of the internal viscera. If 
one of the umbonal lamine of Callocardia were detached from 
its connection with the cardinal margin and allowed to project 
into the cavity of the valve, it would somewhat resemble the 
apophysis of Pholas. But on this view 1 am at a loss to 
explain the present connections of this process about the 
development of which little or nothing is known. How a 
cardinal tooth should come to be situated inside the mass of 
the body would seem to be hard to explain. The environment 
of the Pholads is of a very special character and the moditfica- 
tions of the organization march with the peculiar circumstances 
under which it exists. To enter into their mutual reactions 
would take much space and obscure the more general questions 
to which this paper is addressed. 

It may be added that in this order as well as the others the 
particular constituency of each of the suborders, even the 
number and scope of the families, must be regarded as tinged 
with uncertainty from the magnitude of our ignorance. To 
properly ascertain and correlate the data in regard to the differ- 
ent genera and the families of which they are the members is 
a labor worthy of devotion, but which will yet require a large 
amount of original research. 

In the Prionodesmacea the Nuculacea represent an archaic 
type in many of their features. So far as the hinge is con- 
cerned Arca (Vow and related species) is perhaps the most 
fully and typically developed instance of Prionodont dentition. 
The Naiades declare in Spatha and /ridina their Prionodont 
origin, traces of which are to be seen in the transverse stria- 
tion of the teeth of many species of Unio, even when lateral 
teeth have become well developed and preéminent. The same 
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is true of Trigonia which has many points in common with 
Naiades. To the latter immediately JMiilleria bears such a 
relation in its adult state as do the Monomyarian /Pecten and 
Ostrea to the rest of the Prionodesmacea as a whole. The 
Prionodont character of the Mytilacea will not be questioned. 
Through them we pass to the Pectinacea, in which in Spondy- 
lus we have the finest instance of a Prionodont hinge with few 
teeth, as Arca is of one with many teeth. The original trans- 
verse grooving of the hinge is visible on the very young valves 
of many species of Pecten, Junira, ete. The Ostracea are the 
last term of specialization in this line; the Anomdacea are 
brought in by the total of their characters, though so far modi- 
fied as to indicate little, by the hinge, of what T suppose to be 
their origin. Above all it must be admitted that the Mono- 
myaria and Heteromyaria represent not fundamental types 
of structure but special modifications though geologically an- 
cient. The presence of a prismatic layer of cretaceous otell 
substance, outside of the pearly layer, is also characteristic of 
most of the forms of this order. 

The remaining forms representing the march of progress 
toward a mechanical perfection in hinge characters, though re- 
taining traces (as in the striated teeth of some Mactras) of 
Prionodont ancestry which once dominated the dentition, con- 
stitute the order Zeleodesmacea. 

In the main, in the eombination of hinge characters which 
they represent, the most striking features are the effective 
manner in which the orthodont laterals and prionodont cardi- 
nal teeth are subordinated to and supplement each others 
action, the occasional introduction of the internal cartilage in 
happy combination with the others and the general absence of 
nacre in the shell structure and archaic characters in the soft parts. 

It is a question whether the udistes are to be considered a 
group apart, or, like the Pholadacea among the Anomalodes- 
macea, merely an erratic special development, of forms related 
to the Chamacea. Leaving the question to be settled by the 
special studies its difficulties call for, I conclude this paper 
with a tabular view of the orders and suborders into which the 
class is divided. One group, the Leptonacea, stands much in 
need of thorough study without which its component families 
and even its permanent standing must remain doubtful. With 
our present knowledge it is yet impossible to determine the 
number of families of which each suborder should be com- 
posed, or even how many groups are entitled to rank as fami- 
lies. But in the major groups I feel a certain amount of con- 
fidence that the present arrangement is in most respects more 
harmonions and in accord with the balance of characters than 
any of the systematic arrangements of the class which have 
been hitherto proposed. 
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CLASS PELECYPODA. 
I, OrpEerR ANOMALODESMACEA. 
Suborders. 


. Solenomyacea. 
. Anatinacea. 

. Myacea. 

. Ensiphonacea. 
. Adesmacea. 


II. 


Suborders. 
. Nuculacea. 5. Mytilacea. 
. Arcacea. 6. Pectinacea. 
. Naiadacea. 7. Anomiacea. 
. Trigoniacea. 8. Ostracea. 


III. Orprer TELEODESMACEA. 
Suborders. 

Tellinacea. 8. Leptonacea ? 
. Solenacea. 9. Lucinacea. 
Mactracea. 10. Isocardiacea ? 
. Carditacea. 11. Veneracea. 
. Cardiacea, * 
. Chamacea. ? Rudista. 
Tridacnacea. 


Supplementary Note.-—When I first began to consider the 
relations of the teeth and other parts of the hinge, I naturally 
remembered the brief abstract of the important paper on the 
hinge of Bivalves by M. Neumayr which I had seen in the 
Zoological Record for 1883. I intentionally deferred a careful 
perusal of Neumayr’s essay until I had entirely completed my 
own. Then a careful examination of his original afforded me 
great pleasure. It showed that in the matter of the influence 
of ribbing in promoting the nascence of teeth; in the discrimi- 
nation of lateral plications, arising in connection with the fos- 
sette of the cartilage, from the true cardinal teeth; in the in- 
fluence of the environment on the degeneration of hinge 
characters: in the estimate of the characters of the primitive 
bivalves; and some minor points we had arrived independently 
at the same conclusions and even illustrated them by identical 
or nearly identical examples. ‘This is certainly strong presump- 
tive evidence of the correctness of those inferences. In the 
points in which we differ, it seems to me that the differences 
arise from the fact that Neumayr has approached the subject 
more from the paleontological standpoint and has less consid- 
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ered, or has given less weight to biological considerations not 
imprinted on the shell; while in my own case from the nature 
of my previous studies I have been led to attack the problem 
from the other side. Recent investigations, available only 
since the date of Neumayr’s paper, have thrown much light 
on the inosculation of characters not before known to interlace. 
Neumayr also, from my standpoint has insufficiently grasped 
the importance of the different processes involved in the pro- 
duction of the internal cartilage and its shelly coefficients on 
the one hand and the denticulation of the hinge margin on the 
other. These two processes, though they must often have pro- 
ceeded simultaneously in the same genus, were not necessarily 
connected except in so far as by resulting stresses each might 
react on the hinge-product of the other. So instead of having 
a Desmodont type of hinge as opposed to a Prionodont, and, as 
Neumayr would say, a Heterodont (Teleodont) type, we may 
have either an Anodont (Paleoconch), a Prionodont (Taxodont), 
or a Teleodont (Heterodont) type of hinge, either with or 
without an internal cartilage and its accessories. 

By the elaboration of this view, as attempted in the fore- 
going discussion, it seems to me the discrepancies so evident in 
Neumayr’s system have been avoided; the types of hinge 
assigned their proper weight in the system; while those 
biological relations which are not fully reflected in the shelly 
parts, have not been slighted ; though inevitably numerous im- 
provements in detail will suggest themselves to students, or be 
effected by a future expansion of our knowledge. 


As regards the Rudistes, if, as claimed by Woodward and 
others, they possessed an internal cartilage, it is probable that 
they must form a specially modified and extraordinary ramifi- 
cation of the Chamacea. If, however, as is claimed by some 
authors, there was no internal cartilage or external ligament 
and the smaller valve simply rose and fell under the control of 
adductor muscles guided by interlocking processes, it is evi- 
dent, that this would establish an interrelation between the 
valves unlike anything among the Pelecypods, and only com- 
parable, perhaps, with that of certain operculated corals. In 
the latter case the Rudistes would have to be regarded as rank- 
ing at least among the subclasses, if mollusca at all. My own 
impressions are that the first mentioned view is the more prob- 
ably correct one. 

The opinion is occasionally expressed in scientific literature 
that the shell is a ‘“‘mere secretion of the mantle.” This 
usually proceeds from some person who has not thoroughly 
studied the mollusean shell, or appreciated its relations to the 
animal, Such a statement is one of those half-truths which are 
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more dangerous than pure error since the ballast of truth they 
contain will enable the error to navigate some distance, while 
the unfreighted error would capsize at once. 

The shell is in one sense the product of secretion from the 
mantle, as the mammalian tooth is derived from the ectoderm 
of the jaw or the skeleton from the periosteum and cartilages. 
Both are that and much more. It would be as reasonable to 
say that a steam boiler in process of construction is the product 
of the boy inside who holds the rivet-heads, as to claim that the 
shel] has no more significance than is implied in the term 
“secretion of the mantle.” 

The original theoretic protoconch may have been so, but, as 
soon as it came into being, its development was governed by 
the physical forces impinging upon it from all sides and 
through it influencing the growth and structure of the soft 
parts beneath. The Gastropod shell is the result of the action 
and reaction between the physical forces of the environment 
and the evolutionary tendencies of the organic individual. In 
the Pelecypod we have the mechanical stresses and reactions of 
one valve upon the other added to the category of influences. 
To some extent it is doubtless as true that the animal is 
moulded by its shell as it is that the shell is shaped by the soft 
parts of the animal. This results in that correlation of struc- 
ture which has enabled students to, in the main, correctly 
judge of the relations of mollusks by their shell-characters, when 
the latter were intelligently studied and properly appreciated. 


Art. LVI.— Zhe Magnetism of Nickel and Tungsten 
Alloys ;* by JoHN TROWBRIDGE and SAMUEL SHELDON. 


INTRODUCTORY. 


Tue fact that different kinds of steel, alloyed in small pro- 
portions with tungsten or wolfram, and magnetized to satu- 
ration, increase in specific magnetism,+ has long been known. 
Whether the same effect would result from the use of nickel 
alloyed with tungsten has never been investigated. This 
paper has for its object a partial answer to the query. It was 
instigated by Mr. Wharton, proprietor of the American Nickel 
Works, whose chemist, Mr. Riddle, kindly prepared the alloys 
which have been employed. ‘i hese alloys were in two groups. 
The first, received in November, 1888, consisted of three bars 
of the same shape, one being of pure nickel and the other two 


* From the Proceedings of the American Academy of Arts and Sciences. 
¢ Jour. Chem. Soc., 1868, xxi, 284, says 300 per cent. 
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having respectively 3 and 4 per cent of tungsten in alloy. 
These bars were rolled from cast ingots, which were toughened 
by the addition of magnesium after Fleitmann’s method, the 
magnesium being added just before pouring. They were hot 
wien rolled. The one of pure nickel was afterwards planed 
into regular shape. Those containing tungsten were too brittle 
to allow of this manipulation. They were, however, of suffi- 
cient regularity to permit accurate measurements. This group 
contained also an octagonally shaped bar with 8 per cent of 
tungsten, which was prepared like the others, and was after- 
wards ground into shape. 

The second group, received in May, 1889, contained bars 
which were simple castings, made without the addition of mag- 
nesium, and consisted of pure nickel and alloys with 1, 2, 3, 
and 6 per cent of tungsten. All the bars in this group were 
extremely hard and brittle. In making them, tungsten oxide, 
of weight calculated to yield the desired percentage of tungs- 
ten in the resulting alloy, was placed with adequate carbon in 
the bottom of a graphite crucible and covered by the proper 
weight of pure grain nickel. All was then covered with borax, 
the lid of the crucible was placed on, and the crucible was 
heated until reduction and fusion were completed. 


METHOD. 


As the suspected influence of the tungsten would be to affect 
the magnetic moment of the bars, these were magnetized to 
saturation and their specific magnetism then determined, i. e., 
the magnetic moment for each gram of metal. 

The magnetization was effected by placing the bars sepa- 
rately in a hollow coil whose length was 15 em. and outside and 
inside diameters respectively 6 and 3cm. It consisted of 6 
layers of wire having 63 turns each. A dynamo current of 40 
ampéres was then sent through the coil for one minute, and 
the circuit then broken and the bars removed. 

For the determination of the magnetic moment, use was 
made of a reflecting magnetometer, and deflections were ob- 
served with a telescope and scale at a scale-distance of 100 cm. 
Measurements of the horizontal intensity, //, of the earth’s 
magnetism were first made. The results from these determin- 
ations by means of the first and second Gauss arrangements 
were, respectively, 

HT = 0°1724 em. g. s. 

H = 0°1720 
The freshly magnetized bars were then placed in the second 
Gauss position relative to the magnetometer, and the angular 
deflection determined. The specific magnetism, S, was then 
calculated by the formula 
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3 
tan P, 
m 


yr = distance from bar to magnetometer = 72°68 cm. 
H = earth’s horizontal intensity = 0°1722. 

= mass of the bar. 
gy = angular deflection of magnetometer. 


RESULTS. 


The mean results of two sets of observations on Group I, 
and also upon a similar bar of soft tool steel are given in the 
following table: 


GROUP I. 


Composition. Size in ems. Mass in grams. S[em.§$g.-4see.-']. 
Pure Nickel 18 XK 2°7 0°65 284°5 1:28 
Ni+3¢W 286°5 10°60 
Tool Steel 15 X 2°5 X 0% 1595 7°46 


Octagonal 
Ni+8¢W 15) 1440 5°25 
Group II, of cast bars, gave the following results: 


GROUP II. 


Composition. Size in cms. Mass in gms, S[em. § g.-4 sec.-"]. 
Pure Nickel 18 xX 1°8 x 1°6 459 
Ni+1¢W 455 
Ni+2¢W 454 
Ni + 3% W 463 
Ni+6%¢W 465 


The bars of both groups were, subsequent to the above ob- 
servations, completely demagnetized, and then freshly magnet- 
ized. New determinations gave the same results as before. 
The demagnetization was accomplished by placing the bars in- 
side two coils, which were traversed by currents from an 
alternating dynamo. The coils were then slowly drawn apart, 
and the bars maintained at a position central between them. 
After treatment in this manner, they showed no appreciable 
deflection when placed in position relative to the magnetometer. 

The results tabulated indicate that tungsten greatly increases 
the magnetic moment of nickel, if the alloy be forged and 
rolled, but on the other hand has but small influence if they be 
simply cast. Furthermore, changes in the amount of tungsten 
do not appear to cause corresponding changes in the magnetic 
properties. 

o see whether the remarkable effect in bars 2 and 3, as 
compared with bar 1, of Group I, was owing to some molecu- 
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lar condition of their surfaces induced by rolling, two bars 
from the same steel, one rolled and the other pressed, were 
magnetized and then measured. The ratio of the specific mag- 
netism of pressed to rolled was as 9 to 5, the rolled having the 
smaller amount. The existing difference, in this case, is prob- 
ably owing to a difference in hardness, rather than to any 
molecular condition of the surfaces. 

The specific magnetisms of all the bars are small when com- 
pared with good steel magnets. Kohlrausch says that good 
magnets, of common form, should have S= 40. The bar of 
ordinary tool steel, however, retained but 7°46. Still it was 
soft, and by tempering would doubtless have doubled this 
value. 

If forged nickel and tungsten can be made to maintain a 
specific magnetism of 10, it will form a useful addition to the 
resources of physical laboratories. From the high polish 
of which it is susceptible and its freedom from damaging 
atmospheric influences, it will be most happily suited for the 
manufacture of mirror magnets where magnetic damping is to 
be employed. 

Jefferson Physical Laboratory. 


Art. LVII.— Note on the Measurement of the Internal Resist- 
ance of Batteries; by B. O. PEtRcE and R. W. WILLson. 


TuHarT galvanic cells, even under constant temperature condi- 
tions, have no fixed internal resistance in the sense that a cop- 
per wire has resistance, but that what we ca// the internal 
resistance of a battery varies somewhat with the strength of 
the current which is passing through the battery, is well known. 

As a consequence of this variableness the value of the resist- 
ance of even a so-called nonpolarisable cell, as determined by 
any of the older methods, depends upon the resistances of the 
outside circuits used in making the measurement. 

By the use of alternating currents,* however, it is possible to 
get a value for the resistance of a battery, which remains con- 
stant even though the resistance in the bridge and the intensity 
of the current sent interruptedly through the primary coil of 
ow inductive apparatus be made to vary between rather wide 
imits. 

Some time ago we had occasion to measure the quantity of 
electricity which passed through the circuit when the poles of 
a battery were connected by a conductor of moderate resist- 


*F. Kohlrausch, Pogg. Ann. Jubelband, p. 220, 1874. Pogg. Ann., cliv, p. I, 
1875. Wied. Ann,, vi, p. 1, 1879. Wied. Ann., xi, p. 653, 1880. 
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ance for a definite short time, less than one ten-thousandth of a 
second. 

We found that if we assumed the electromotive force of-the 
battery to be the same during the short interval when the poles 
were closed as it was just before this interval when the poles 
were open, the value of the internal resistance given by the 
method of alternating currents would not account for our results 
and was therefore useless as a basis for computing the quantity 
of electricity which the battery could furnish under slightly 
different conditions. We thought it worth while, therefore, 
to make some direct measurements of the difference of poten- 
tial between the poles of a battery while they were connected 
for short times by shunts of various resistances. By means of 
the apparatus described in a paper on the charging of con- 
densers, which we published* a short time ago, we were able 
to keep the battery shunted for almost any interval at pleasure 
from 0°3 sec., down to 0°0001 see., and during this interval to 
charge a condenser of suitable capacity by connecting its poles 
to the poles of the battery and then disconnecting them. The 
charge which the condenser received could then be measured 
at leisure by tlie help of a ballistic galvanometer. 

Our method of procedure was generally this. We first 
charged the condenser at the open poles of the cell and measured 
the charge, we then charged it with the poles connected 
by a shunt of known resistance and measured the charge, and 
finally we again took observations with open battery poles to 
see whether the cell had become “fatigued” by the treatment 
to which it had been subjected. 

Even though no sign of * fatigue ” was shown by the process, 
we did not feel sure that the electromotive force of the cell 
had been the same in all the observations. Some previous 
experiments with water cells seemed to show that when the 
poles of such cells are connected, the electromotive force falls 
an a very small fraction of a second to a value which depends 
upon the current which the cell is delivering, and this value 
then very slowly diminishes as the time goes on. If the poles 
are closed for a short time only, say for half a second, the bat- 
tery almost instantly acquires its old electromotive foree when 
the circuit is broken. If, however, the cireuit is kept closed 
for a number of minutes the battery becomes “ fatigued ” and a 
comparatively long time must elapse before it acquires again 
its old strength. ior purposes of computation, however, we 
made the usual assumption that the electromotive force of the 
cell when its poles are closed for a very short interval only is 
the same as the electromotive force with open poles, and we 
computed B from the formula 


* Proceedings of the Am. Academy of Arts and Sciences, for 1889, pp. 146-163. 
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V.R 
+R 
Where Vx is the difference of potential of the poles of the 
battery when they are connected by a resistance of R ohms. 
V is the difference of potential of the poles when open. The 
ratio of Vz to V was obtained by measuring the charges of 
the condenser in the two eases, and R was known. 

Our experiments soon showed that it was not worth while 
to take the trouble to use extremely short times within the 
limits at our command. The same general facts were seen 
whether the time were one-half a second or one-thousandth of 
a second. In obtaining most of the results given in the follow- 
ing table the time of closure of the battery poles was about 
one quarter of a second: in the cases marked with a star, how- 
ever, the differences of potential were measured by the aid of 
a quadrant electrometer and the poles were connected for 
upwards of 60 seconds. 


Resistances of various cells as obtained by measur- 
ing the difference of potential of the poles when open’ Resistances of 
and when closed by shunts of given resistance. the same cells as 
— obtained by the 
The resistances in ohms of the shunts used. use of alternate 
currents, 
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The results given in the table represent very fairly all that 
we have obtained. The value of the resistance of a cell obtained 


Nore.—Cells 1, 5, 6, 8 and 9 were of gallon size; the jars of the others would hold 
about 3 pints each. The zinc of each Daniell cell was immersed in a solution of 
zinc sulphate. The density of this solution in the case of cell 3 was 41° B. and 
that of the solution of copper sulphate in the same cell was 21° B. In No. 4, 
the density of each solution was 15° B. In cell 9 the zinc was immersed in a 
mixture of 1 part of sulphuric acid, and 20 parts of water, and the carbon in 1 
part of potassium bichromate, 2 parts of sulphuric acid, and 10 parts of water. 

The Hartmann & Braun bridge used for most of the measurements with alter- 
nating currents has a resistance of 1°56 ohms in the bridge wire, 34 ohms in the 
secondary coil of the inductive apparatus and 17°5 ohms in the telephone. With 
the pointer at the middle of the bridge-wire and the 1 ohm plug out, the resist- 
ance in the bridge between the points where in measuring the resistances of a 
battery its poles would be attached is 2°5 ohms. When the 10 ohm plug is out 
this resistance is 11°3 ohms. Another bridge by the same makers gave indica- 
tions practically identical with those of the first bridge. 


467 
5 Gravity 3°4 | 3°3 
6 Gravity ... ..|3°9 |3°5 | 3°6 
0°37 
0°4 
0°27 
1°18 1°14 : 
10 | 1°1 
14 (14 


468 Rk. 7. Hill—Uppermost Cretaceous Beds of the 


by the use of alternate currents was always smaller than that 
obtained by the other method, but the application of the method 
of alternate currents “fatigued ” all but the so called constant 
cells. In the cases of most of the cells there was a tendency 
in what we have called the internal resistance to decrease* as 
the strength of the current which the cell is delivering increases. 
Sometimes, however, this tendency did not appear until the 
resistance of the shunt became very small and the trustworthi- 
ness of the computed results were in consequence impaired. 

It would be easy to suggest explanations for the results noted 
here, but we shall content ourselves with calling attention to 
the facts. 

Jefferson Physical Laboratory. 


Art. LVIII.—Pelution of the Uppermost Cretaceous Beds of 
the Eustern and Southern United States, by Ropert T. 
Hui; and the Tertiary Cretaceous Parting of Arkansas 
and Texas; by Ropert T. and R. A. F. PENROosE, Jr. 


THE newest and most easterly outcrop of the marine Creta- 
ceous formations west of the Mississippi is in the banks of the 
Ouachita river at the town of Arkadelphia, Arkansas, where it 
appears beneath the Tertiary+ and Quaternary{ strata which 
compose the prevalent and unconsolidated structure of the 
region. 

This exposure, in the heart of the Atlantic timber belt, and 
surrounded by later formations is made by erosion, and may be 
termed a Cretaceous island. Continuing toward the southwest, 
the areal exposures of the Cretaceous become more and 
more extensive until in central and southwestern Texas they 
entirely succeed the Eocene sands and forests, and become the 
prevalent surface formation of the country. They increase not 
only in areal extent but also in thickness and in number of 
horizons, so that successively lower horizons are crossed, until, 
‘between Arkadelphia, Ark., and the Paleozoic area of Central 
Texas can be found a succession of Upper and Lower Cretaceous 
deposits, aggregating over 5,000 feet, as seen, and which may 
prove much greater when more accurate measurements can be 
made. 

* The apparent resistance of almost any common cell, as obtained by Ohm’s 
method or one of its modifications, is larger when the determination is made 
with small outside resistances in the circuit than when larger ones are used. 

+The Great Northern Lignitic horizon of Hilgard (Ko-Lignitic of Heilprin). 
See The Neozoic Geology of Southwestern Arkansas, vol. ii, Annual Report of 


State Geologist of Arkansas, 1888. 
¢ The Plateau Gravel formation. See same as above. 
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Along this section can be seen nearly every known horizon 
of the American Cretaceous east of the Sierras, except the 
Laramie (if this is Cretaceous), and even this can be seen along 
the Rio Grande in Southern Texas, as shown by White, but it 
is emphatically missing north of that region. This section, 
when completed, will be the typical one of.the North Ameri- 
can Cretaceous, and will be a standard of criticism and compar- 
ison for the rest of our country, for it is the area where the 
formations of the east meet those of the west and where they 
can be compared side by side. It comprises the thicknesses 
and details of both the upper and lower formations.* These 
beds constitute two continuous periods of sedimentation sepa- 
rated by an unconformity during which there was a great land 
epoch. 

PWhat is known of them up to date, as recently published, 
may be summarized as follows: 

Appropriate local names are added as far as can at present 
be given for the two formations and their subdivisions : 


Tue Upper, or Brack Prairie Formation (GuiF Sertigs). 


(Black Prairie and Lower Cross Timbers Formation.) 
Thickness. 
5. Uppermost, arenaceous (glauconitic) beds. Cretaceous 
spots of Anderson county, along eastern margin of 
Cretaceous area in Texas. Rarely found. Has 
greatest development in Arkansas, as at Arkadelphia 
4. Marly clay beds. Ponderosa marls.) Main, or 
eastern area of the Black Waxy region, as seen in 
parts of Lamar, Fannin, Grayson, Collin, Dallas, 
Ellis, Nevarro, Falls, McLennan, Williamson, east- 
ern Travis, Hays, Comal and Bexar counties and 
Arkansas (“Fort Pierre’) 
3. The Austin-Dallas Chalk, occurring in a very narrow 
strip immediately westward or interior of the above 
Sherman, McKinney, Waco, Austin (except 6th 
ward), and San Antonio are situated on this line. 
Also at Rocky Comfort, Arkansas, “ Mobrara”. 
2. The Eagle Ford Prairies, or “ Fish Beds,” immediately 
west of the foregoing, and composing the Black 
“hog wallow” prairie of Alvarado, Hillsboro, and 
the 6th ward of Austin (“ Benton ”) + 300+ 
1. The Lower Cross Timbef sand, which is the base of 
this formation vorth of the Brazos. No, 2 is the 
base south of that river (“ Dakota”)............ + 3004 
*The word “formation” is here used to signify the structural product of a 
single, uninterrupted geological event. 
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THe Lower, oR Grand Formation (COMANCHE 
SERIES). 
(Grand Prairie and Upper Cross Timbers Formation.) 


This formation increases in thickness to the southward, and no 
general estimate of thickness is at present deemed advisable. 
Following is the section from Austin to Burnet : 

Thickness. 
9. Shoal creek or (Vola) limestone - 75 
8. Green clays (Exogyra arietina clays), bed of Shoal 
creek 100 
7. Washita limestone, railroad cut, west Pecan street 
extension, Austin, and extending parallel to the 
above, in a narrow line across the state, from Fort 
Washita, 1. T., southward via Denison, Fort 
Worth, Salado, San Marcos, Heliotes, and west to 
Mexico 
6. The Austin marble, or Caprotina limestone, west of 

Austin 
The paving flags, or lithographic horizon, west of city 

of Austin 
4, Barton Creek, or Caprina limestone. Barton creek 

above the ford; the high bluffs of the Colorado at 
and opposite Johnson’s quarry, and the west bluff 
of Mount Bonnel .... ...-.--- 1000+ 


. The Nummulitic (Tinoporus) chalk, river bluffs near 

Bull creek 100t 
. Fredricksburg division, including all the limestones 

and marls west of the above, which have not yet 

been differentiated Wale 
1. The Upper Cross Timber, or Trinity, sands + 300f 


Estimated Lower Cretaceous, Central Texas... 2775 
Upper “ 2100 


4875 


The immediate objects of this paper are to call attention to 
(1) the beds of the uppermost or glauconitie division of the 
Upper Cretaceous, (2) to the important light they throw upon 
the Cretaceous beds of the Gulf and Atlantic States east of the 
Mississippi, and (3) to the complete nonconformity by erosion 
and deposition that exists between them and the basal beds of 
the Southern States Tertiary. 


* Artesian wells have penetrated these clays to this thickness at Corsicana, 
Texas, 

+ This thickness of these horizons is the most modest estimate that can be 
given. Accurate measurements are now being made. 

¢ My able assistant, Mr. J. A. Taff, who has recently made an accurate map 
and sections of this horizon, finds ores a thousand feet of thickness. 
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The sequence of sediments during the Upper Cretaceous 
subsidence and emergence I have shown to be as follows: 
1. littoral sands, 2. clays becoming more and more caleareous, 
3. chalks; (4) chalky clays, 5. sands. The sands of this last 
stage are characterized throughout by the presence of glauco- 
nite in perceptible quantities, an accompanying mineral which I 
have never seen in any of the Texas sediments of the lower 
beds. These glauconitic beds may be almost pure, siliceous 
sand with only a few grains of glauconite, as in the upper beds 
at Arkadelphia, or almost pure greensand with little siliceous 
sand as at Washington, Ark. Again, they may be imbedded 
in a firm ecalearous matrix, as in the so-called “ rotten lime- 
stone” which distinguishes it from the lower occurring chalk. 
The beds may be white, brown, green, blue, gray, or deep red, 
owing to varying of proportions of lime and moisture and the 
oxidation constantly going on, but the mineral glauconite is 
always present, and this presence (if glauconite be of organic 
origin) indicates some uniform condition of habitat during sed- 
imentation which will be further shown in the discussion of the 
fossils. 

Thirty miles west of south of Arkadelphia the Little Mis- 
souri, a stream parallel to the Ouachita cuts down to the same 
glauconitic strata, as shown by the stratigraphic and paleon- 
tologie identity. At the old town of Washington they are 
again exposed by the drainage of Town Creek. Thence south- 
ward they are concealed again by the Eo-Lignitic overlap, for 
two hundred miles, until the county of Anderson* is reached, 
wheie a hundred miles east of the main Cretaceous area in 
Texas they are exposed by the cutting of the Trinity River. 
This outcrop differs lithologically and paleontologically from 
the underlying beds of the main body of the Cretaceous ex- 
tending westward through Texas to Mexico, but is identical 
with the Arkansas calcareous glauconitic beds above mentioned. 
These glauconitic beds insensibly gradate downward into the 
Exogyra Ponderosa clays, the top exposures of the main area 
of the Upper Cretaceous formations in Texas, and geograph- 
ically they are the nearest western deposits to those of Missis- 
sippi and Alabama, the intervening area being obscured by 
Tertiary and Quaternay deposits. Upon careful comparison of 
fauna and sediment with those of the latter region there 
is found such a striking similarity that there can be no possible 
doubt of their general identity with Hilgard’s section from the 
Ripley to the Tombigbee inclusive, although no correlation of 
minute horizons is attempted. The Mississippi and Alabama 
beds are characterized by the same fauna and structure, and the 
universal presence of glauconite which places them like the 


* This exposure has been recently discovered by Dr. R. A. F. Penrose, Jr., of 
the Texas and Arkansas state surveys. 


) 
t 

t 

t 

) 

n 

n 

of 

a, 

be 

ap 


472 BR. T. Hill—Uppermost Cretaceous Beds of the 


Arkansas glauconite beds above the Ponderosa marls and lower 
divisions of the Upper Cretaceous in Texas. The fauna of 
these uppermost glauconitic beds of Arkansas and Texas, 
described in my Arkansas report* is the characteristic fauna of 
the Mississippi beds, and not of the underlying Ponderosa 
marls, except a few connecting species. 

Continuing our investigations northward into the New 
Jersey region we find there the greatest development of these 
glauconitic beds and a continuation of the Arkansas fauna. 
Closer scrutiny shows that this correlation can be extended 
only to the lower marl beds of New Jersey for the Arkansas 
representative, or continuation of the middle marl beds has 
been eroded and destroyed during the post Cretaceous land 
epoch (Laramie time) and the Tertiary overlap. The paleonto- 
logic proof of this is indisputable, the molluscan faunas being 
almost identical. Among the lammelibranchite species com- 
mon in America to Arkansas, Texas, Mississippi and the lower 
marl beds of New Jersey are the following: 

Ostrea larva Lamck. 

Exoygyra costata (typical var.), Say. 

Gryphea vesicularis Lamck. and vareities, such as G. vomer, G. 
convexa and G. pycnodonta. 

Comptonectes simplicum Con. 

Neithea quinquecostata ? 

Idonearea tippana Con, 

Trigonia eufalensis Gabb. 

Inoceramus barafini Mort. 

Pachycardinm spillmani Con. 

Anomia argenta, and numerous other species. 

None of these forms, according to Whitfield, except G. 
vesicularis, occur in New Jersey in other than the lower marl 
bed, while in Arkansas, Mississippi and Alabama they charac- 
terize the glauconitic division, and in Texas are barely repre- 
sented by two species in the uppermost Ponderosa marl beds, 
but occurring in the island of Anderson county as in Arkansas. 

Furthermore, none of the characteristic fossils of the New 
Jersey Cretaceous above the lower marl bed, such as Terebratula 
harlani, the Belemnitella mucronata, and the Ammonites 
placenticeras occur in the Arkansas-Texas Cretaceous,—only 
two specimens of 4. mucronata having been found in that 
region, and there in the contact debris at the base of the 
Tertiary where they were preserved from destruction by their 
hard, siliceous composition. 

In the light of the above paleontologic and lithologie facts, 
the only logical conclusion is that the uppermost beds of 
Arkansas are the southwestern representative, perhaps the 


* Not having had the opportunity of reading the proof of that report, the au- 
thor begs to be excused for the typographic errors in the list of fossils. 
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direct continuation of the lower marl beds of the New Jer. 
sey region, an opinion which is strengthened by the strati- 
graphie evidence, which shows a complete unconformity be- 
tween the uppermost Cretaceous of Arkansas and Texas north 
of the Rio Grande. Also, that a large part of the glauconitic 
beds were eroded, and their debris redeposited in the Eo- 
Lignitie or basal beds of the Southern States Tertiary. The 
iron ores of the Southern tertiary are primarily derived from 
this source. This fact has been determined by most careful 
observation on the part of Mr. R. A. F. Penrose, Jr., and the 
writer, in Texas and in Arkansas. The contact in the latter 
region are described in full in my Arkansas report, while those 
in Texas will soon be published in Mr. Penrose’s report to the 
State Geologist, Mr. E. T. Dumble. Not only is the Tertiary 
laid down upon the unequal eroded floor of the Cretaceous but 
it overlaps upon successively lower horizons to the southwest, 
so that the glauconitic beds in Texas (except those of the Lower 
Rio Grande), are only exposed in the “islands” above men- 
tioned in the midst of the Eocene area. 

In view of these facts, and the absence of the Laramie fauna 
of the interior, only two conclusions are plausible concerning 
that epoch in this region. (1.) That there was a narrow post- 
Cretaceous continental divide in the central Texas region (now 
an area of rapid denudation) occupied by the coal measures, 
which separated the waters of the Atlantic from the interior 
Laramie sea. (2) That the sediments constituting the base of 
the Eo-Lignitic divisions of the Eocene of the Southern States, 
containing typical marine Claiborne fossils and a Laramie flora 
were synchronous with the brackish waters of the interior. 
The exact solution must be given by the paleo-botanist who 
will take up the study of the extensive vegetal remains of 
our Southern States Eocene. 

In conclusion it is suggested that the term “ Glauconitice” be 
applied to this uppermost division of the Upper Cretaceous of 
the eastern (Atlantic and Gulf) slopes of the United States, in- 
cluding the Eagle Pass and Anderson county beds of Texas, 
the ‘“ Arenaceous” division of my Arkansas section, the “ Rip- 
ley,” “ Rotten Limestone,” and “'Tombigbee” (in part) divi- 
sions of the Mississippi-Alabama section, and the “ Glauconitic” 
beds of the New Jersey region below the “ Upper Mar! beds.” 
These are the probable representatives of the “Fox Hills” 
beds of the northwestern, or Meek and Hayden section, the 
lower subdivisions of which are so clearly represented in the 
Texas region.* : 

*The writer cannot concur in the proposed suggestion to abandon the Meek 
and Hayden subdivisions of the Upper Cretaceous. If the beds lose their iden- 


tity in Colorado, they appear in Texas in a manner which only confirms the orig- 
inal Nebraska section in it characters and succession. 
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Art. LIX.—A description of several Yttria and Thoria 
Minerals from Llano County, Texas; by W. E. Hipvenx 
and J. B. 


History.—In July, 1886, the first piece of gadolinite (a mass 
of about 14 lbs.) was accidentally discov ered, by Mr. J. J. 
Barringer, in ies County, Texas. It was noticed projecting 
from an outcropping of granite and was detached therefrom 
and preserved merely because of its peculiar appearance. 
Later Mr. Barringer commenced digging at the locality, and 
in a short time he unearthed a pocket of huge erystals and 
masses of this rare mineral aggregating not less than 500 kilos. 
This remarkable quantity was obtained by digging with pick 
and shovel, in the partly decomposed surface rock and all came 
from a space not over 4 ft. deep, 3 ft. wide and 8 ft. long. 

Until August, 1888, the true nature of the mineral remained 
unknown and meanwhile it received such local names as 
“tin-ore,” “ black- jack zine,” “ voleanic-glass,” etc. Later the 
name “ samarskite” was given to it and as such it was known 
until Mr. Barringer, upon sending it te New York in an 
endeavor to find a market for it, received the information that 
it was gadolinite. About this time it came under the notice of 
one of us, and an effort was made to develop the locality thor- 
oughly. Thus far only the gadolinite had been found and no 
value having been attached to it the mineral had been free to 
all who desired “a few pounds of it.” Of the large quantity 
obtained in 1886, only about 100 kilos then remained; the 
greater portion having been gradually distributed among local 
visitors. In January “of this 3 year, realizing that a locality that 
could produce the rare mineral gadolinite in such unprece- 
dented masses as had already come under our notice, was 
worthy of careful investigation, we sent Mr. Wm. Niven, of 
New York, on a special visit to the region and it was the series 
of specimens collected by him that induced one of us to person- 
ally visit the locality. This was done during the past summer, 
two months being spent in prospecting the whole region; the 
results of this investigation are embodied in this announcement. 

Description of locality.—The spot where the gadolinife has 
been found is nearly five miles southward from Bluffton, in 
Llano Co., Texas, and on the west bank of the Colorado River. 
The whole surr ounding region for many miles is Archeean* (with 
occasional cappings of limestone), and granite, in various shades 
of color and texture, is the common country rock. A coarse 
textured deep-red granite is most abundant, and through it 

* See “Geologic story of the Colorado River.” R. T. Hill, in American Geol- 
ogist, vol. iii, No. 5, pp. 291-2. 
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numerous and extensive quartz veins extend to the surface. 
Only in these veins have the ores of yttria, ete., been found 
and only in the wider swellings of these veins or where they 
have assumed the character of bold uplifts have masses of 
large size been found. Here is to be seen a mound-like eleva- 
tion i100 x 150 feet in area projecting boldly from the surround- 
ing granite and 27 feet in elevation above the river terrace. 
It is made up of huge blocks and masses of quartz, and red 
feldspar, all tightly massed together. The mound is nearly 
circular in form and the contact with the country granite is 
sharply defined. It is plainly seen to be a widening of a vein 
that can be traced in a southwesterly direction for some dis- 
tance and one of a series to be seen at several locations in the 
near neighborhood. 

The quartz masses are from 5 to 20 feet thick, with the 
interstices filled completely by a highly crystalline red feld- 
spar. Between these irregular masses are found at times thin 
seams of a black iron-mica and with this mica and in the adja- 
cent feldspar are found the various ores of the rare earths 
hereinafter to be noticed. 

From all sides this mound has been entered with trenches 
and one or more of the yttria minerals have been found at 
every opening. At this writing it has been so much cut into 
by trenching that it is ditticult to trace the original boundary. 
On the river side the mound is rather steep but in other diree- 
tions its sides slope gradually. Its top is flat and consists of 
pure white quartz (bleached by weathering) and it is only on 
the slopes and at the base that the several rare minerals show 
themselves. The quariz and feldspar are very much stained 
with red oxide of iron and some yellow and green uranium 
compounds at the points where at present the larger mineral 
masses have been found and these stains have constituted a 
good guide to their discovery. 

Up to the present time we have identitied the following 
mineral species, but we will describe in detail only the more 
important in the present paper. The list of species includes 
quartz, hyalite, orthoclase, albite, biotite, muscovite, magnetite, 
martite, gadolinite (several varieties due to alteration), fergu- 
sonite (three varieties of hydrous species), allanite, molybde- 
nite, molybdite, cyrtolite (several varieties), fluorite, gummite 
(two varieties), a carbonate of the rare earths (tengerite?), a 
thorium-yttrium-lead uranate, a hydrous uranium thoro-silicate, 
a yttrium-thorium silicate, a fetid gaseous compound (which 
we first observed upon breaking some of the material for 
analysis) and several minerals, found in small quantities, which 
we have not had the opportunity, to identify with certainty. 

QUARTZ, is rarely found erystallized at this locality. Only 
one pocket of smoky erystals (coated with ferric-oxide), of 
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noteworthy size and transparency, having been as yet found. 
Small druses of quartz-caps are often met with in the seams of 
the larger quartz masses. 

HYALITE, in mammillary forms was observed coating the 
seams of the feldspar and quartz, in very small patches. 

ORTHOCLASE, occurs massive and finely crystallized and in 
great variety of form. Twin crystals, of curious complexity, 
and simple forms are very common. Crystals of huge dimen- 
sions, a foot or more in length, more or less perfect, and 
smaller sizes abound, especially are they abundant on the con- 
tact of the vein with the granitic walling. 

ALBITE is rare and occurs coating small cavities in the mas- 
sive orthoclase. Crystals not above 1 inch diameter were ob- 
served. 

Brortirte (?), is very abundant and occurs in broad folia in the 
seams between the quartz and feldspar masses. Diagonal pris- 
matic cleavage surfaces were common. It was intimately 
mixed with much magnetite and was often the matrix or 
foundation upon which the rarer minerals rested. Many alte- 
ration products were noticed. 

MUSCOVITE is quite rare, and occurs as hexagonal implanted 
prisms only in the albitic cavities. These prisms seem to be 
made up of 3 or 6 sectors on a basal section. No examination 
chemical or optical has been made. 

MAGNETITE is quite abundant, both massive and crystallized. 
It is always associated and intermixed with the biotite. Octa- 
hedral crystals with planes of the cube, rhombic-dodecahedron 
and of a trapezohedron were found abundantly, though super- 
ficially they were coated with a thin micaceous layer and some 
uranium hydrate. 

MARTITE was very common, being an alteration from the 
magnetite. Crystals having a black color interiorly and pre- 
serving the cleavages of magnetite but having no magnetic 
properties were very commonly observed. 

GADOLINITE.—We have already detailed the events sur- 
rounding the discovery of this mineral in Texas. For a 
description we would refer to the paper by Dr. Genth* in the 
September number of this Journal. As Dr. Genth has stated, 
this gadolinite when unaltered “has a black color; in thin 
splinters it is translucent with a dark bottle green color; the 
fine powder is greenish-gray ; fracture conchoidal to splintery. 
Sp. grav. 4:201-4-254.”+ 

* Eakins found sp. g. = 4°239. Our own determination on a very compact 
mass gave us 4°306, 

+ Dr. Genth was misinformed by the party who supplied him with his 
“ Burnet Co. gadolinite ” as it has not as yet been discovered in that county, and 
the error of crediting Burnet Co. with having produced it was probably owing to 
the fact that it had been shipped from Burnet (Burnet Co.) which was the nearest 
R. R. point to the true locality some 19 miles distant. ] 
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Most of the gadolinite is altered into a brownish-red mineral 
of waxy luster; some of the masses are entirely so altered, 
while in others the change has only taken place superficially. 
A further alteration has been to a yellowish-brown, earthy 
(ochreous) substance which upon drying in the open air becomes 
a very light powder. The average size of the masses of this 
Texas gadolinite has been in our experience about half a pound ; 
though embedded erystals (hydrated) were noticed not above 
half an inch long by one-quarter inch wide (very acutely termi- 
nated) and as to large masses there were many of 5, 10 and 15 
lbs. each. One double crystal weighed forty-two lbs. and was 
nearly free from matrix. Another huge pointed mass, in real- 
ity a crystal, weighed fully sixty pounds.* All of the gado- 
linite had at some time in the past presented smooth crystal 
surfaces (as the hydrated crust often gave evidences of), but 
very few masses were found without more or less exterior altera- 
tion. This alteration had roughened the underlying surface 
and had given a dark brick-red color to all the changed mineral. 

On only three crystals were we enabled to find sufficiently 
smooth surfaces to give us even approximate angles, and these 
we here append : 

I. I= 115°-1173° 

In 1 = 156°-1583°}- . 0) = 111°-112° 

1. 1 = 119°-1193° 0°-91° 

1 0 = 113°-1133° (ov. 4-1) = 77°-79° 
46° 1 = 123°-126° 

All the crystals observed were lengthened in the direction 
of the vertical axis (in one instance ten inches long), and the 
plus and minus 1 and 2 pyramids are present often to the total 
extinction of the basal pinacoid, making acute forms difficult 
to extract from the matrix in perfect condition. A distinctly 
monoclinic habit was apparent in many of the masses, and the 
pyramid 2 was often developed only upon the plus or minus 
side. The basal plane was only noticed in one instance. At 
another vein, one mile south, two crystals of-gadolinite, of rare 
beauty and perfection, were found on the land of Mr. Hiram 
Casner; this goes to show that other discoveries of the rare 
minerals are possible in the neighborhood. 


YTTRIALITE, a new Thorium—Yttrium silicate. 


The mineral which we have named YTTRIALITE was dis- 
covered associated with, and often upon, the gadolinite, and 
but for its characteristic orange-yellow surface alteration (that 
of gadolinite immediately along side of it being invariably of 
a dull brick-red color) it might have continued to pass for 
“ green-gadolinite,” which was the local name given to it. Of 
these yellowish masses one weighed over ten pounds, and 


* Stated on the authority of Mr. Barringer and many of his neighbors. 
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twenty kilos were found in all. Upon being broken open they 
are of an olive-green color, tending in places to a drab shade. 
Peculiar minute ragged lines permeate the mineral in all direc- 
tions, causing an apparent muddiness or semi-opacity. No erys- 
tals have as yet been observed, but a seemiagly orthorhombic 
symmetry was apparent in some of the masses. The mineral 
breaks easily in two directions with a shell-like fracture, but 
separates into small flakes very readily. (Gadolinite is broken 
only with difficulty.) Nothing like a ¢leavage has been 
noticed. A thin white crust of a mineral related to tengerite 
occupies the cracks in the mineral and this is equally true con- 
cerning the gadolinite of the locality as Genth has already 
noted. We have named the mineral yttrialite, in allusion to 
the prominent part played by the yttria earths in its composi- 
tion. 

The specific gravity is 4575; hardness=5-5°5. It is readily 
soluble in hydrochloric acid. When heated over the Bunsen 
flame it decrepitates violently, and falls to powder upon being 
ignited over a blast, becoming snuff-brown, infusible and in- 
soluble. These characteristics serve to at once distinguish 
it from gadolinite, which has specific gravity from 4:2 to 
4°3 (Texas varieties), and which when heated glows vividly 
and swells into ragged fragments. The analysis shows several 
fractions of the yttria earths (A, B, C, D), which were sepa- 
rated by successive precipitations with sodium sulphate. The 
atomic weight of each fraction was determined, showing 
successive increase with each separation. The fractionation 
was discontinued after the fourth separation, as the amount 
of material was getting very small, but the atomic weight 
shows that the lanthanum and didymium are still mixed with 
an earth of higher atomic weight. The results obtained are as 


follows: 
Oxygen ratio. 

97°234 = 4 
0°383 
97108 
1-071 
1617 
1-722 $72:918 =3 


Atomic weight. 
7 110°3 25°320 


114°9 4°860 

14°616 

2°94 = 162° 2°370 
0°843 J 


= 110°53 


Total yttria earths =... 46°50 %....erbia spectrum distinct. 
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Regarding the loss by ignition as non-essential, the oxy- 
gen ratio of all the bases to silica is exactly 3:4, which 
leads to the formula R,O,, 2SiO,, in which R,O, may be 
replaced by its equivalent in RO, RO, or RO,. There is no 
simple ratio between the sesquioxide and other bases. This 
mineral, therefore, differs from gadolinite in containing twice 
as much silica. It has other points of difference, viz: it con- 
tains no glucina, which has been regarded as a characteristic 
constituent of gadolinite, and there is a very large preponder- 
ance of sesquioxides among the bases. For comparison we 
append two analyses of gadolinite from this locality by Genth* 
and Eakins.t 


GADOLINITE, LLANO Co., TEXAS, 
Sp. G. = 4:254 Kakins. Sp. G. = 4:239§ 
Oxygen ratio. | Oxygen ratio. 


76°00 23°79 79°30 
0°58 0°44 ) 
trace 7 
12°42 17°25 | 
11°33 45°18 | 
074 1:32 $63°75 


121-13 
traces 


(DiLa).05 
(Y,Er)sOy. 44°45 


0°96 
2°62 
5°22 
1°55 
1:03 
0°05 


Insoluble 0°93 
100-42 100-29 


Regarding the water and phosphoric acid as accidental and 
using the molecular weight for the yttria earths determined 
by Eakins (260) for the caleulation of Genth’s analysis, we get 
the oxygen ratio of all the bases to silica of 3°055:2 and 
3°054 : 2 respectively, giving the general formula R,O,, SiO, in 
which R,O, may be replaced by its equivalent in RO and RO,. 
Both of these analyses seem to show a tendency towards an 
equality of the sesquioxides to the monoxides, though there is 
a preponderance of sesquioxides in the one and of protoxides 
in the other. They differ also from our analysis of yttrialite 
in the small percentage of thoria, which in the latter amounts 
to one-eighth of the total bases in equivalency. : 


* F. A. Genth, this Journal, September, 1889. 
+ L. G. Eakins, private communication from Professor F. W. Clarke. 
i Molecular weight = 260. § At 17°C. 
Didymium spectrum very strong. { Erbium spectrum weak. 


3 
4 
: Genth. 

SiO. 
MnO ..... O18 0°25 
FeO ...... 12°93 | 
GIO _..... 919 36-61 
CaO O71 1:27 $5686 
MgO ...-. O11 0°27 

EO O12 O19 
Na,O..-.- 0°23 0°37 116°11 
Al,Os.-... 0°31 0°90 | 
Ce.Os.---- 2°66 246 $5925 J 2-43 $5694 J 4 
4°59 477 | | 7 
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THORO-GUMMITE, @ hydrated uranium thoro-silicate. 


This mineral, of which we have been able to gather about 
one kilo, occurs intimately associated with fergusonite and 
eyrtolite, and masses up to three ounces have been found, 
though for the most part it is in very small pieces. It is 
of a dull yellowish-brown color, has hardness above that of 
gummnite, or 4-4°5, and occurs commonly massive, though 
several well defined groups of zircon-shaped crystals have been 
discovered with angles near to those of zircon. It has a char- 
acteristic color, after ignition, becoming of a dull greenish hue, 
thus it is distinguished from freyalite, eucrasite and thorite, 
which species it otherwise resembles in some respects. Its 
specitic gravity varies from 4°43 to 454. It is easily soluble 
in nitric acid. The analytical results are : 

Oxygen ratio. 
43°62 == 2-000 
23°37 = 1-071 


eY)205, etce.. 6°69 Atomic weight = 135, 


| 
(CeY (43°64 
PbO 2°16 | 


wacowrn 


‘ 
2 
1° 
6° 
0° 
0° 


J 
43-78 


Regarding phosphorus as non-essential and as combined with 
the slight excess of uranium, above that which is required by 
the formula which we derive, and with the undetermined and 
lost constituents, we get the oxygen ratio of UO, : SiO,: ThO, : 
H,O=1:2:2:2. The last three terms are in the proportion 
required by thorite, and we see that the molecule of the min- 
eral may be regarded as made up of three molecules of thorite 
linked together by one of uranic oxide forming a compound 
molecule, which at first sight seemingly complex, is really of 
great simplicity. 

Using graphic notation, the formula of the mineral is 

v 


I 
UO,(ThOSi),(OH),,, or when written in the usual manner UO,, 
8ThO,, 3Si0O,, 6H,O. The thoria and silica bear the same re- 
lation to the uranium, and it seems better to regard the 
mineral as a hydrated thoro-silicate of uranium, rather than as 
a urano-silicate of thorium, or as a double silicate of uranium 
and thorium, if indeed we might not go further and consider 
the whole as a duo-deci-atomice molecule of a complex inorganic 


| 

| 

| 

| 

| 
H,O......... 788 = 2-008 
1°19 : 

Moisture_..... 1°23 

98°325 

| 
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acid. We name this mineral thoro-gummite, because it is a 
gummite in which the water has been replaced by the thorite 
molecule. 


NIVENITE, @ hydrated thorium-yttrium-lead uranate. 


This mineral we found intimately associated with fergusonite 
and thoro-gummite. It is as yet a rare mineral at the locality. 
Its specific gravity is 8°01. H.=5-°5. It is velvet-black in 
color and when powdered becomes brown-black. After ignition 
it turns blue-black. As yet only massive pieces have been 
found, but some of these suggest that the species may be iso- 
metric in crystallization. It is easily soluble in nittie and 
sulphuric acids and some slight effervescence* was noticed 
upon dissolving the mineral. "The analysis gave the following 
results :— 

Oxygen ratio. 


4869 = 
14°62 


574 
11°22 Atomic weight 124°2 11°34 }37°33 
0:58 1:08 


455 J 
(Ignition) loss H,O 14°11 
1:2 


Insoluble 


The ratios found lead to the general formula 9RO, 4UO,, 
3H,O in which RO may be replaced by its equivalent in R,O, 
and RO,. If the iron be caleulated as protoxide and a corres- 
ponding increase be made in the amount of uranic oxide, the 
ratio for UO, : RO: H,O becomes 12 : 8°74: 3°40. As it is not 
possible to determine the state of oxidation of the iron in pres- 
ence of the two oxides of uranium, by any process known to us, 
we cannot give the exact ratio, as it exists, but would point out 
that if only 0°33 per cent of ferric oxide is present and the rest 
of the iron is present as protoxide, then the ratio of UO, to 
bases will be exactly that which is required by the formula. 

This mineral is allied to the rare species cleveitet and brig- 
gerite,t and we give below the analyses with the formule 
which we have caleulated from them, so that the points of dis- 
tinction may be made evident. 


* Cf. Hillebrand, who has identified nitrogen in uraninite. This Journal, 
Oct., 1889, p. 329. 

+ Dana’s Appendix, III. p. 28. 

¢ This Journal, June, 1884, p. 493, 
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CLEVEITE. BROGGERITE. 

Specific Gravity = 7°49. Oxygen Ratio. SpecificGravity==873. Oxygen Ratio. 
UOs..-. 42°04% 38°82% 
UO,.... 2369 17°56 
ThO, 4°76 3° 

6°87 

3°47 

2°33 

1°05 
SiO. 
H,0.--. 


In the bréggerite analysis a small amount of silica occurs, 
which if supposed to exist as admixed silicate will reduce the 
excess of basic oxygen. Neglecting the water in bréggerite 
the oxygen ratio for these minerals will be therefore :— 


Bases. 


RO. (R20sRO) UO; 4H,0 
i 1 


Clevéite, 2 1 
2 
Bréggerite, 1 1 

The comparison of the three formule shows the relationship 

clearly (RO including RO, and R,O,), as follows :— 
Bréggerite 3RO, UOs. 
Cleveite 6RO, 2U0s, 3H.0. 
Nivenite 9RO, 4003, 3H.0. 

We have named this mineral névenzte, in recognition of the 
energy which Mr. Niven has displayed at this locality, and the 
assistance which he rendered us in obtaining the material for 
investigation. 


FERGUSONITE, 


This heretofore rare mineral occurs in large quantity at this 
new locality. Up to this date we have received over seventy 
kilos, some masses of which weighed over a pound. Broken 
prisms, rough in form, rarely showing terminal planes and 
masses of crystals interlacing each other is the manner of occur- 
rence The immediately associated minerals are cyrtolite and 
thoro-gummite and also magnetite. The gadolinite also 
sometimes encloses it. It also occurs alone in a matrix of or- 
thoclase or of quartz. One large mass of this kind of gangue, 
upon being broken up, yielded over thirty kilos of pure 
mineral in the form of fragments, most of which were basal 
sections of crystals which had been originally four to eight 
inches long and about 14% thick. 
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We have found two distinct varieties, of which we here ap- 
pend analyses and description. 

Fergusonite, mono-hydrated.—Specitic gravity =5°67. Hard- 
ness 6—6°5, forms tetragonal, with acute octahedral termina- 
tions, a zireonoid plane hemihedrally developed and, rarely, the 
basal pinacoid. The crystals are rough and dull gray exteriorly 
but with a bronzy sub-metallic appearance on the surface of 
fracture, which is small conchoidal and brilliant. Thin splin- 
ters show a yellowish-brown translucence. Color bronzy hair- 
brown. Streak and powder dull brown. It is infusible but 
on ignition the powdered mineral changes to a pale olive-green 
color, and a momentary glow creeps over the mass at the point 
of redness. Fragments decrepitate violently when heated. 
With a microscope a peculiar light brown muddiness is noticed 
and the mineral is filled with minute streaks and spots of a 
darker shade, all of which may indicate incipient alteration. 

Crystals often have a thin coating of, or are otherwise partly 
altered to, the tri-hydrated variety next described. It is de- 
composed when in fine powder by hydrochloric acid, with 
separation of columbic acid. The analytical results are as fol- 
lows. 

Oxygen ratio. 
86°30 
159 


Atomic weights, 
110°55 
113°3 


g 
Ignition H,O 
110° C. H,O 
‘ Atomic ratio, 4°79 


Counting UO, as combined with a portion of the bases in 
the proportion R,O,-UO,, we have for the oxygen ratio of the 
other constituents, counting fluorine as replacing hydroxyl, 


Cb,O,: R,0,: (HO) 86°30: 51°06: 15°79 or 5°07: 3: 0°928 


This leads to the formula Cb,O,, R,O,, H,O; or if bases are 
counted as RO then R,Cb,O,(OH, F),. 


* Total Y.0s, etc, and Ce earths == 42°33. 
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We tested the columbic acid for titanic acid and tin, but 
although we obtained small quantities of precipitates they 
proved to be largely if not altogether columbic acid, and we 
did not detect the presence of any other substance. Tantalic 
acid was not looked for. 

FERGUSONITE, tri-hydrated.—Specific gravity = 4:86-4:48; 
hardness about 5. Color deep brown, almost black, thin edges 
show a yellowish-brown translucence. Form and exterior 
appearance same as the species previously described. Streak 
and powder pale greenish-gray. On ignition turns light-brown 
but does not glow nor decrepitate like fergusonite. Is decom 
posed by hydrochloric acid with separation of columbic acid. 


ANALYSIS. 
Oxygen ratio. 


79°95 
3°24 
2°90 
0°62 
2°49 
Atomic weight, 703 }51°08 
== 32°28 
0°87 
4°89 J 
Ignition H,O : 42°05 
110° C. H,O » 44°69: 
Atomic ratio, 2°64 


99°796 


Combining UO, as before with bases to form R,O,, UO,, the 
oxygen ratio of the remainder will be 


Cb,0,: R,0,: (2) = 79-95: 47°84: 44°69 or 52-992: 2-795 


This gives the formula Cb,O,, R,O,, 3H,O, or counting bases as 
RO then R,Cb,O,(OH, F),. On comparing the properties of 
the two minerals here described with typical fergusonite we 
notice a gradation from the one extreme to the other. 


Specific G. Hardness. When heated. 


Fergusonite 5°838 (?) 
Mono-hydro-fergusonite RsCb.0;,(OH). 5°67 65 Pale olive - green, 
decrepitates. 


Tri-hydro-fergusonite R3Cb.0;(OH). 4°36-4°48 5: Light-brown does, 
not decrepitate. 


Of other published analyses of fergusonite that of the Ytterby 
variety, by Nordenskiédld (Dana’s System Min., p. 523), corre- 
sponds to the di-hydrated mineral. Since we find fluorine in 
the specimens we have analyzed from Texas, we are led to con- 
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clude that the water is not present as water of crystallization, 
but as hydroxyl which is partially replaced by the fluorine, and 
this being so we consider that the name fergusonite should be 
reserved for the anhydrous mineral, and that the various defi- 
nite alteration products with two, four, six and perhaps more 
hydroxyls should be distinguished in some manner either b 
pretixing mono-hydro, di-hydro, ete., or by special names. It 
seems better that the first method of distinguishing them 
should be followed. We believe that we have observed a still 
higher alteration product in traces on some of the specimens 
we have obtained from Texas. ; 

ALLANITE, has not as yet been found very abundantly at 
this locality and all of the ten kilos obtained was massive- 
nodular in form. Its surface alteration is very slight compared 
witli that of the other allied minerals. Its color is shining 
pitchy-black. Powder and streak dull greenish-brown. Upon 
ignition it first turns red-brown and then becomes coal-black. 
It is opaque, except in the very thinnest splinters, when a 
greenish-brown translucence is evident. Specific gravity = 
3488. We have made no complete analysis as yet, but the 
specimen tested showed the presence of considerable quantities 
of the cerium-yttrium earths and of thoria, and we learned 
that it was completely soluble in acids with separation of 
gelatinous silica, either before or after igniting the mineral 
(like the associated gadolinite). The better masses have been 
found quite isolated from the other occurring minerals. 

MOLYBDENITE, occurs sparingly in quite large folia, and in 
hexagonal tables, with the cyrtolite and fergusonite. Only a 
few ounces have been collected. 

MOLYBDITE, was noticed in the cavities once occupied by 
molydenite and it often yet retained the plate-like form of the 
mineral from which it was derived by alteration. Its color was 
white to greenish-white. Specific gravity =4:004. On two 
specimens indistinct crystals have been found, having a light 
apple-green color and almost perfect transparency. Qualita- 
tive tests have shown the absence of any large amounts of any- 
thing but molybdie acid. 

CyRrTOLITE, has been found abundantly in both massive form 
and in good erystallizations. One hundred kilos have thus far 
been collected while mining the yttria minerals already herein 
described. This mineral here occurs in thick plates attached 
to the biotite and also constituting veins in the coarse pegma- 
tite. It is often the matrix of the thoro-gummite and fergu- 
sonite. Specitic gravity = 3°652. It occurs in tetragonal 
forms with all the planes rounded, and polysynthetic group- 
ings of crystals are very common. Its color ranges from dull 
gray, through various shades of brown to deep brown and 
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almost black. Hardness about 5. We shall defer further 
mention of this mineral until we have examined it more 
thoroughly. 

FLUORITE, occurs in some abundance. Masses of a pale 
greenish kind were found weighing fifty pounds tightly em- 
bedded in the pegmatite. Purple and white shades have also 
been found. A very opaque dark-purple kind has been found 
in small masses. Its property of phosphorescing (green) when 
gently heated has given rise.to a great local interest in this 
particular mineral. 

GUMMITE, occurs sparingly, but we have not as yet been able 
to find it in a sufficiently pure condition for examination. 
Several varieties have been seen, and “ yttro-gummite” is very 
probably one of them. 

TENGERITE (?)—In the cracks and fissures of the gadolinite 
and yttrialite a white mineral rich in’CO, is often noticed. 
We have seen it in globular-radiated incrustations and in one 
instance in distinct transparent isolated crystals. Dr. Genth 
has already noted its occurrence and, as he observes, there is not 
enough now obtainable to show its composition except by 
qualitative tests. 

Fetip Gas.—Upon breaking some of the cyrtolite, while at 
the mine, a fetid odor, quite different from H,S, was noticed. 


Simply rubbing two massive specimens together is sufficient to 
develop this very disagreeable smell ‘ 

In conclusion, we take this opportunity to thank Mr Bar- 
ringer, for his kind attentions and generous services extended 
to Mr. Niven and to one of us while visiting this very inter- 
esting locality. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysICcs. 


1. On the Spectroscopic discrimination of the Rarer Earths. 
—In his annual address as President of the Chemical Society, 
Crookes has given a history of the so-called rare earths as they 
have been brought to light and discriminated by the aid of the 
spectroscope. In an interesting table he gives a list of the so- 
called “rare elements” with which he has been specially occupied 
for the last seven or cight years; arranging in parallel columns 
the names by which they are generally known, their atomic 
masses, the formulas of the oxides, the manner in which they 
come under the domain of spectroscopy, and the components or 
meta-elements into which some of them have been decomposed, 
first in 1886 by himselt and then in 1887 by Kriiss and Nilson. 
At first spectroscopic examination was applied directly to sub- 


i 
| 
hi 
| 
i 
i 


Chemistry and Physics. 487 


stances, natural or artificial, which had not undergone any special 
preparation. The idea next occurred of attempting to split up 
substances supposed to be simple into heterogeneous constituents 
before appealing to the spectroscope. The refined chemical pro- 
cesses used for this operation may be summarized under the 
name of fractionation whether they be fractional precipitations, 
erystallizations or decompositions. A combination of such deli- 
cate and prolonged chemical processes with spectroscopic exami- 
nation applied to bodies showing absorption spectra soon led to 
important discoveries, In two juxtaposed plates, the author 
shows the normal didymium absorption spectrum as it was gener- 
ally recognized down to 1878 compared with the whole of the 
absorption bands belonging to bodies subsequently separated 
from didymium by fractionation. In 1878, Delafontaine, by a 
series of chemical fractionations, separated from the didymium of 
samarskite an earth which he called decipia; and nine months 
later Lecoq de Boisbaudran announced the discovery of samarium 
as a constituent of the samarskite didymium, and showed that 
samarium is characterized by the bands of decipium together 
with two additional ones. In 1885, on the other hand, Auer, by 
fractionally crystallizing the mixed nitrates of ammonium, didy- 
mium and lanthanum, showed that it was possible in this way to 
cleave didymium in a certain direction and to separate it into two 
other bodies, one giving green salts, and called neodymium; and 
the other giving pink salts and called praseodymium. The spec- 
trum of the former consists of the whole of the bands in the red 
with part of the large one in the yellow and the second one in the 
violet; that of the latter takes the other part of the yellow band 
and all the rest of the green and blue. But if these two spectra 
be subtracted from the old didymium spectrum two bands are 
left; and hence the fair inference that yet a third body is present 
in didymium to which these bands are due. In Crookes’s own 
laboratory, moreover, didymium has undergone yet other changes; 
though it is still doubtful whether neodymium and praseodymium 
have themselves been decomposed or whether didymium itself is 
capable of being resolved differently according to the’ manner in 
which it is treated. Having worked on the spectrum of didy- 
mium from allanite, cerite, euxenite, fluocerite, gadolinite, hiel- 
mite, samarskite, yttrotitanite, etc., the author says: “the further 
I carry the examination the more the conclusion is forced upon 
me that didymium must not be regarded as compounded of two 
elements only but rather as an aggregation of many closely allied 
bodies.” In 1886 he found decided indications of the possibility 
of depriving didymium of band after band until only the deep 
line in the blue is left. This single band element he calls Da. 
Subsequently Kriiss and Nilson by examining rare earths from 
different sources came to the conclusion that the elements giving 
absorption spectra and known as didymium, samarium, holmium, 
thulium, erbium and dysprosium were not homogeneous but that 
each one contained almost as many separate constituents as it 
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produced bands of absorption; didymium, for example, being 
capable of resolution into at least nine separate components. In 
carrying on their work these chemists have adopted Crookes’s 
suggestion and have endeavored to select minerals in which the 
particular element desired has been accumulated by nature’s 
processes. Thus, for example, the fergusonite from Arendal 
shows six of the bands of holmium, that from Ytterby four and 
that from Hitteré only three. This mineral from Ytterby, more- 
over, contains the element provisionally named Xa; but this 
element is absent in the mineral from the other two localities. 
The extraordinary complexity of some of these minerals is shown 
by the fact that after removing the ordinary metals, euxenite 
contains the rare elments Ce, La, Di, Sm, Yt, Er, Tr, Ho, Tm, 
Th, De, Sc, Dy, Be, Nb and Ta. 

Passing to spectra produced by the phosphorescence of molec- 
ular bombardment, the author takes up first the yttrium group. 
Yttrium itself he concludes may be split up certainly into five 
and probably into six constituents. In one plate its complete 
phosphorescence spectrum is shown and in a‘ second one below it 
the simple spectra of the separate components into which yttria 
can be separated by fractionation. As the result of many years 
work and of several thousand fractionations of old yttria, the 
author exhibited a series of nineteen phosphorescence spectra, 
the center one being approximately that of the crude earth, and 
those above and below representing the shading off in one direc- 
tion or the other of the lines given by the several fractions, 
“To make the diagram more accurately represent what actually 
occurs in the laboratory it would be necessary,” he tells us, “to 
place between each of these nineteen spectra about 1000 inter- 
mediate spectra.” “A study of this diagram,” he says, “ will, I 
‘think, convince any impartial observer that the lessons it conveys 
fully bear out my contention that samarium, gadolinium, mosan- 
drum and yttrium are not actual chemical elements but are com- 
pounded of certain simpler bodies which may conveniently be 
called meta-elements.” Hence he concludes that our notions of a 
chemical Glement must be enlarged; “hitherto the elemental 
molecule has been regarded as an aggregate of two or more 
atoms and no account has been taken of the manner in which 
these atoms have been agglomerated. The structure of a chem- 
ical element is certainly more complicated than has hitherto been 
supposed. We may reasonably suspect that between the mole- 
cules we are accustomed to deal with in chemical reactions, and 
the component or ultimate atoms, there intervene sub-molecules, 
sub-aggregates of atoms or meta-elements, differing from each 
other according to the position they occupy in the very complex 
structure called ‘old yttrium.’” This “assumption of compound 
molecules will perhaps account for the facts and thus legitimate 
itself as a good working hypothesis, whilst it does not seem so 
bold an alternative as the assumption of eight or nine new 
elements.” 
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A remarkable modification of phosphorescence spectroscopy is 
produced by the previous addition of other earths to the specially 
phosphorescent earths. Lime is a good example of this. Alone 
it phosphoresces with a continuous spectrum ; but if mixed with 
yttria the phosphorescing energy of the lime does not extend 
over the whole spectrum, but concentrates itself on strengthening 
the yttria bands; these bands becoming broader and less well 
defined as the quantity of the lime increases. The same is true 
of the samarium spectrum, the addition of lime bringing out its 
main phosphorescent bands, three in number, red, orange and 
green, nearly equidistant. On the other hand the presence of 
lime suppresses the sharp line Sd, the most striking feature in the 
phosphorescent spectrum of samarium sulphate; while the pres- 
ence of yttria deadens the other lines, but brings out the line Sd 
more strongly. The modification induced in the normal spectrum 
of one earth by the mixture of various quantities of others, when 
treated as anhydrous sulphates, is strikingly shown in the case of 
a mixture of samaria with yttria. The presence of even 40 per 
cent of yttria practically obliterates its spectrum. Strontia, 
baryta, glucina, thoria, magnesia, ianthana, alumina and the 
oxides of zinc, cadmium, lead, bismuth and antimony all give 
characteristic spectra with samaria. “A recent discovery of 
some beautiful spectra given by the rare earths when their pure 
oxides are highly calcined, shows the remarkable changes pro- 
duced in the spectra of these earths when two or more are ob- 
served in combination.” Alumina is especially active in inducing 
new spectra when mixed with the rare earths. Within the past 
twelve months, quite a moderate amount of fractionation has 
enabled the author to penetrate below the surface of the red glow 
common to crude alumina and to see traces of a most complicated 
sharp line spectrum. “By pushing one particular process of 
fractionation to a considerable extent, I have obtained evidence 
of a body which is the cause of some of these lines. The new 
body is probably one of the rare elements or meta-elements 
closely connected with decipia, for I have reproduced the spec- 
trum very fairly by adding decipia to alumina. It is not yttria 
erbia, samaria, didymia, lanthana, holmia, thulia, gadolinia, or 
ytterbia, since the spectrum of each of these when mixed with 
alumina while very beautiful, differs entirely from the decipia- 
alumina spectrum. 

In conclusion, the author considers the question, ‘“ What is an 
element and how shall it be recognized when met?” It must be 
remembered that a single operation, be it crystallization, precip- 
itation, fusion, partial solution, etc., can only separate a mixture 
of several bodies into two parts, just as the addition of a reagent 
only divides a mixture into two portions a precipitate and a solu- 
tion; and these divisions will be effected along different lines 
according to the reagent employed. Thus by crystallizing didy- 
mium nitrate (in Auer’s way) we divide the components into two 
parts. By fusing didymium nitrate we divide its components in 
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a different way. But so long as different methods of attack split 
up a body differently, it is evident that we have not yet got 
down to “bed rock.” Moreover, a compound molecule may 
easily act as an element. Didymium for example has a definite 
atomic mass, has well defined salts and has been subjected to the 
closest scrutiny by some of the ablest chemists in the world; and 
as a seeming element it emerged from every trial. But subjected 
to a new method of attack it decomposes at once. ‘* We have in 
fact a certain number of reagents, operations, processes, etc., in 
use. If a body resist all these and behave otherwise as a simple 
substance we are apt to take it at its own valuation and call it an 
element. But for all that, it may as we see be compound, and as 
soon as a new and appropriate method of attack is devised, we 
find it can be split up with comparative ease.” ‘ Until these im- 
portant and difficult questions can be decided,” he continues, “ I 
have preferred to open what may figuratively be called a sus- 
ense account, wherein we may provisionally enter all these 
doubtful bodies as ‘ meta-elements.’” The meta-elements may 
have more than a provisional value, however. Mr. Crookes 
points out that it is becoming more and more probable that be- 
tween the atom and the compound, we have a gradation of 
molecules of different ranks which may pass for elementary 
bodies. It might be the easier plan so soon as a constituent of 
these earths can be chemically and spectroscopically distinguish- 
able from its next of kin, to give it a name and to claim for it 
elemental rank. ‘But it seems to me the duty of a man of 
science to treat every subject not in the manner which may earn 
for him the greatest temporary x0do05 but in that which will be 
of most service to science.”—2J. Chem. Soc., lv, 255-285, May, 
1889. G. F. B. 
2. Commercial Organic Analysis ; a Treatise on the Proper- 
ties, proximate analytical Examination and modes of Assaying the 
various Organic Chemicals and Products employed in the Arts, 
Manufactures, Medicine, etc. By Atrrep H. Aten, F.LC., 
F.C.S., etc., ete. 2nd Edition, revised and enlarged. Vol. III, 
Part I. Acid derivatives of Phenols, Aromatic Acids, Tannins, 
Dyes and Coloring matters. 8vo, pp. viii, 431. Philadelphia, 
1889 (P. Blakiston, Son & Co.).—This volume of Mr. Allen’s 
excellent work fully sustains the reputation of previous ones. 
After a hundred or more pages devoted to the general characters 
and constitution of aromatic acids, and their consideration in de- 
tail, the author passes to the consideration of dyes and coloring 
matters, beginning with the nitro- and nitroso-bodies, aurine and 
the phthaleins, passing to the azo-compounds, the rosanilines and 
safframines, and then to the anthracene colors; ending with a chap- 
ter on coloring matters of natural origin, chapters on the examina- 
tion and recognition of coloring matters and the examination of 
dyed fibers conclude the book. The entire work will be completed 
in another part. It bears evidence of care and thorough work on 
every page and has already become a standard upon the subjects 
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of which it treats. ‘The publishers have presented the book to the 
public in an attractive form. 

3. A Text Book of Organic Chemistry ; by A. BERNTHSEN, 
Ph.D. Translated by George M’Gowan, Ph.D. London, 1889. 
(Blackie & Son.) This new text book merits high commenda- 
tion. Its author was formerly Professor of Organic Chemistry 
at Heidelberg and is at present director of the Baden Aniline 
and Alkali Manufactory in Ludwigshafen-am-Rhein. He is well 
and favorably known not only as a teacher but also for his re- 
markable investigations in organic coloring matters. The trans- 
lation has been faithfully made by Dr. M’Gowan of the Univer- 
sity College of N. Wales, Bangor, and both gentlemen have con- 
tributed to bring the book up to date. L. H. F. 

4. The spectrum of Hydrogen.—MM. L. Thomas and Ch. 
Trépied obtain the lines Ha. Hj by passing a stream of hydro- 
gen gas between the carbon terminals of a voltaic are. They 
state that these lines can also be obtained by the use of steam 
injected between the terminals. See Trowbridge and Sabine, 
this Journal, Feb., 1889.— Comptes Rendus, p. 524. Se Bi 

5. Spectrum of gases at low temperature.—H. K. R. Koch 
shows that the spectra of air, oxygen and hydrogen do not 
change when the temperature of the environment in which the 
electrical discharge takes place is —100°C. Any change there- 
fore observable in the spectra of the northern light in polar 
regions cannot be attributed to the temperature of the environ- 
ment, but must be due to other causes —Ann. der Physik und 
Chemie, No. 10, 1889, pp. 213-216. J. 7. 

6. New Photographie lens.—M. Ch. V. Zenger employs two 
correction lenses of magnesium glass of the same focal length, one 
concave and the other convex. The focal length of the system 
is the same as that of the spherical mirror. The time of expo- 
sure for stars of the same size is reduced to a third or a quarter. 
—Comptes Rendus, No. 12, Sept. 16, 1889, p. 474. J. 7. 

7. Pin-hole Photography.—A paper on this subject was read 
at the late meeting of the British Association by Lord Rayleigh, 
who showed that a simple aperture was as effective as the best 
possible lens in forming an image, if the focal length (/) was 
sufficiently great. Conversely, if 7 be given the aperture may be 
made so small that the use of the lens will give no advantage. 
In some recent experiments the focal length was about nine feet 
and the aperture ;4; of an inch. The resulting photographs 
showed detail not materially less than that observable by the 
ordinary eye. There would be no difficulty in working with an 
aperture equal to the pupil of the eye, with a focal length of 66 
feet, if extraneous light could be excluded.—Wature, Oct. 10, 
1889, p. 584, J. 

8. Blue color of the sky.—M. Crova in collaboration with M. 
Hondaille has conducted a series of observations at Mount 
Ventoux on this subject. The apparatus employed was a modi- 
fication of Crova’s spectrophotometer (Annales de Chimie et de 
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Physique, 5th series xix, p. 472). It was found, 1. The curves 
which result from the observations indicate that at sunrise there 
is a predominance of the more refrangible rays. These rays 
diminish at midday, and augment again at sunset, never attaining 
during the afternoon hours the values attained during the morn- 
ing hours, 2. The curves vary from day to day, in regard to 
the more refrangible rays, with the state of the atmosphere. 
The maximum of blue color varies with the maximum of heat. 
The color is generally less intense in the afternoon than in the 
morning. M. Crova leads us to conclude that in general the 
sky is richer in blue rays than the sun. Certain observations 
were made under a cloudy sky. The author states that the light 
was less rich in blue rays than the blue sky but that it was more 
blue than the light of the sun.— Comptes Rendus, No. 13, Sept. 
23, 1889, p. 493. 

9. Passage of Electricity through gases.—At the late meeting 
of the British Association, Professor Arthur Shuster gave an 
account of his investigations on the distribution of potential in 
the neighborhood of the negative pole of discharge of electricity 
through rarified gases. ‘ Knowing the rate of fall of potential, 
it can be determined whether there is any bodily electrification in 
any part of the negative glow. It was found that the kathode is 
surrounded by an atmosphere of positively electrified gaseous 
particles extending to the outer edges of the so-called dark space. 
According to the author’s views, this atmosphere corresponds to 
the polarized layer adjoining the negative electrode in an electro- 
lyte. The cause of the sudden difference in luminosity between 
the dark space and the negative glow has also been investigated, 
and it has been found that negative particles projected from the 
kathode pass unhindered through the dark space, while their 
velocity is quickly reduced in the glow proper, the translatory 
energy being thus changed with energy of vibration.”—Nature, 
Oct. 10, 1889, p. 586. i. T. 

10. Purification of Sewage by Electricity.—A paper was read 
before the British Association, at its late meeting, on this subject, 
by Mr. W. Webster, who showed that the effect produced was 
due to the gases set free in the electrolysis of the sewage water. 
The constituent parts of sodium, magnesium and other chlorides 
are split up, nascent chlorine and oxygen are set free at the posi- 
tive and the bases at the negative pole.—Natwre, Oct. 24, 1889, 
p. 631. 7. 

11. Elementary Lessons in Heat ; by 8. E. Trruman, Professor 
of Chemistry, U. 8. Military Academy. 160 pp. 8vo. Philadel- 
phia, 1889 (J. B. Lippincott Company).—These lessons, prepared 
for the students of the U.S. Military Academy, give in concise 
form the general principles of heat. The ground covered is about 
the same as that usually taken in the larger elementary text-books, 
without too much mathematical analysis for the ordinary student, 
and omitting the excess of descriptive and pictorial matter too 
often present. Suitable use is made of the results of recent 
work in the department of heat. 
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1. The Tertiary Flora of Australia; by Dr. Constantin, 
Bakon von ErrinGsHavsen. English translation, edited by R. 
Etheridge, Jr. Sidney, 1888.—The appearance of an English 
translation of Baron von Ettingshausen’s two important memoirs 
on the later fossil floras of Australia will do much to extend the 
knowledge of this subject. The memoirs originally appeared in 
the Denkschriften of the Vienna Academy (vols. xlvii, 1883, and 
liii, 1886), and were chiefly based on collections made by the 
Geological Survey of New South Wales, in the Memoirs of which 
the translation appears. An analysis of the results was prepared 
some time since, and will be found in the Eighth Annual Report 
of the U. S. Geological Survey (pp. 812-814), soon to appear. 
The useful tables of distribution accompanying the original mem- 
oirs are introduced, and to that of the second part is appended a 
similar table of the Tertiary plants of New Zealand, belonging 
to a paper of later date (Denkscriften Wien. Akad., vol. lii, 
1887) on the fossil flora of New Zealand, but the descriptions 
and figures of that memoir are not included in the present work. 
The first part was translated by Mr. Arvid Neilson, and the 
second by the author. Some valuable stratigraphical notes by 
the editor are appended. The illustrations are reproduced from 
the original litho-plates, of which there are fifteen, but the figures 
are often too much crowded. These papers have afforded the au- 
thor a new occasion to express his well-known views as to the 
homogeneity of all Tertiary floras, and that of Australia, he 
claims, resembles that of Europe and the Arctic regions more 
closely than it does the present living flora of Australia. 

L. F. W. 

2. Royal Society of Canada.—Volume VI of the Transactions 
of this society contains a paper on the Huronian of Canada by R. 
Bell; on Nematophyton by D. P. Penhallow, with an introduc- 
tory note by Sir Wm. Dawson, which concludes that Prototaxi- 
tes or Nematophyton has no relation to the vascular plants, and 
that it is beyond doubt an Alga; on remarkable organisms of the 
Upper Silurian and Devonian of New Brunswick by G. F. Mat- 
thew, namely, an Upper Silurian fish, Diplaspis Acadica, an 
Upper Silurian Ceratiocaris, an Eurypterid, a Devonian species of 
insect, Geroneura Wilsoni; on Vancouver Island Cretaceous plants, 
by Sir W. and G. M. Dawson; on Devonian fossil fishes, Part II, 
by J. F. Whiteaves ; on the Nymphzacer by G. Lawson. 

3. Contributions to Canadian Paleontology, Cunada.—Geol. 
and N. H. Survey, vol. i, Part II, by J. F. Wuireaves. The 
fossils described by Mr. Whiteaves are from the Hamilton forma- 
tion of Ontario, the Triassic of British Columbia, and the Creta- 
ceous of British Columbia, Northwest Territory and Manitoba. 
A list of all the known Hamilton species of Ontario is also given. 

4, Chemical and Physical studies in the Metamorphism of 
Focks, by A. Irvine, D. Se., thesis written for the Doctorate in 
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Science in the University of London. 138 pp. 8vo. London, 
1889. (Longmans, Green & Co.).—Treats especially of the origin 
of the Archean rocks under pre-Archean and Archean condi- 
tions, the author being incredulous as to later or ordinary regional 
metamorphism. 

5. Eudialyte (?) from an Arkansas locality. Preliminary 
notice by W. E. Hippen and J. B. Macxintosn. (Communicated.) 
We are indebted to Mr. Wm. Niven of New York, for a very 
characteristic specimen of this rare species which he found during 
the past summer in the vicinity of Magnet Cove, Arkansas. It 
occurs in nodular form in a very tough matrix of feldspar and 
hornblende, with which some titanite is also associated. The 
masses are Of a fine rose-red color and, excepting as they are 
flawed and cracked, are perfectly transparent. Sp. G.=2°893. 
H=5°+(scratched by scapolite). It is easily soluble in HCl, 
leaving gelatinous silica. The solution shows with turmeric 
paper the usual zirconia reaction. The presence of soda, lime, 
oxide of iron and zirconia were also proved by qualitative anal- 
ysis on half a gram of material. The mineral, as thus far seen, 
has a yellowish border (which may be due to alteration) and con- 
tains small cavities in which are implanted minute dull greenish 
crystals of an unrecognizable mineral. Until a quantitative 
analysis has been made, we think that the above data warrants us 
in referring this mineral to eudialyte, and more especially since 
Shepard* credited this locality, long ago, with having produced 
this species. 

6. Catalogue of Minerals and Synonyms alphabetically ar- 
ranged for the use of Museums; by T. Eateston, Ph.D. 198 
pp. Washington, 1889 (Bulletin U. S. National Museum, No. 
33).—The author has industriously brought together a large 
number of mineral names and synonyms from many sources, and 
although no critical treatment of them is attempted, collectors 
will find the work very useful. 

7. Materialien zur Mineralogie Russlands, von N. von Kox- 
SCHAROW, Vol. x, pp. 97-224. St. Petersburg, 1889.—Mineralogists 
will welcome this last addition to the mineralogy of Russia, both 
for what it contains and, too, as a proof that the veteran author 
is still carrying on his work with vigor. The species chiefly 
discussed are euclase, herderite and sylvanite. 

8. Index der Krystallformen der Mineralien ; von Dr. Victor 
Goxtpscumipt, Zweiter Band, Heft 5.—This recently issued part 
of Goldschmidt’s great work includes the species from lanarkite 
to lunnite. 

9. Hinleitung in die Chemische Krystallographie ; von Dr. A. 
Fock. 126 pp. 8vo, Leipzig, 1888 (Wm. Engelmann).—The sub- 
ject of crystallography is usually treated almost exclusively 
as a geometrical subject; at the same time there have not 
been wanting discussions of a broader range and of late years 
much progress has been made in connecting form and chemical 


* Dana, Syst. Min., p. 249. 
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composition. The portion of the subject taken by the author is 
on the latter side and, as treated by him, it is a field that has not 
been occupied before. Some of the topics discussed are the 
physical laws of crystallization, the origin and growth of crys- 
tals, the formation of artificial crystals, and the relation between 
form and composition including isomorphism, physical isomerism, 
and isogonism. 

10. Composition of uraninite.—In the note on this subject on 
p- 329 of this volume, line 17 from beginning, NO, is a misprint 
for UQ,. 


III. Botany. 


1. What is a Phyllodium ?—An examination of two plants of 
the Brazilian species, Oxalis bupleurifolia, grown from cuttings, 
has led the writer to review the literature of the subject of phyl- 
lodia, chiefly with reference to one point. The smaller of the 
plants in question has flattened petioles without any distinct trace 
of leaflets at the end. The other has petioles flattened in the 
same way, and more than half of these have small leaflets, vary- 
ing in number from one to three. But all of these flattened peti- 
oles in both cases have a distinct upper and lower surface, thus 
presenting the aspect of ordinary leaves, instead of having an 
upper and a lower edge. They stand in the same plane as the 
leaflets. 

The following definition of the term phyllodium is taken from 
Gray’s Text-book, vol. i, p. 110: “A petiole-blade ..... is 
named a Phyllodium. Occurring only in Exogens, phyllodia are 
generally distinguished from true blades by the parallel venation, 
and* always by their normally vertical dilatation; that is, they, 
without a twist, present their edges instead of their faces to the 
earth and sky.” Among the examples cited, are the Acacias of 
Australia, and “several South American species of oxalis.” 

It will be noticed that in the definition, verticality is not quali- 
fied. In this respect the definition follows the ordinary usage, 
based largely upon the authority of DeCandolle, Organograpbie 
végétale, Paris, 1827, p. 282. ‘‘Ceux-ci sont planes, coriaces, 
fermes, toujours entier sur les bords, munis de nervures longitudi- 
nales, qui sont les traces des fibres dont le pétiole est composé, et 
habituellement placés sur la tige dans un sens contraire aux vraies 
feuilles, c’est-a-dire que leur plan est 4-peu-prés vertical, au-lieu 
d’étre horizontal, ou en d’autre termes, que leurs surface sont latér- 
ales, au-lieu d’étre l’une supérieure, l’autre inférieure. 

ll est des espéces qui, pendant la durée entiére de leur vie, por- 
tent mélangés des pétioles chargés de folioles urdinaires, et ordi- 
naires, et des pétioles transformés en phyllodium. Telles sont les 
Acacia heterophylla, sophorae, ete. Quelques-uns portent sur 
leur bord supérieur une ou deux glandes qui indiquent la place ot 
le ramifications chargées de folioles doivent prendre naissance. 


* The italics in these citations are not in the original.—G. L. G. 
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Tous ces charactéres indiquent leur nature pétiolaire; mais les 
fibres de ces pétioles sont assez écartées pour admettre un peu de 
parenchyme, et pour porter des stomates; d’ot résulte que ces 
organes jouent physiologiquement le réle de limbe. Des trans- 
formations analogues ont lieu dans quelques espéces d’oxalis ; 
telle est, par example, 7’ Ovalis bupleurifolia, et VOxalis fruti- 
cosa.” 

The verticality is insisted on in both of these definitions, and 
yet, species of Oxalis, in which the flattened petioles are not ver- 
tical, are adduced as illustrations of phyllodia. Plainly the defi- 
nition should be reconstructed, or the illustrations omitted. 

In the descriptions of the species of Oxalis given in The Flora 
of Brazil,* Progel, the editor of the Order Oxalidez, uniformly 
applies the term Phyllodium to the flattened petioles even where 
they are not vertical, but lie in the same plane as ordinary leaves. 

If, now, we turn to the definitions of Phyllodium by another 
author, Balfour, we shall see that the feature of verticality is not 
insisted on as universal, but is regarded as a special case. 

In the “Class-Book of Botany” (Edin., 1854, p. 134), we find 
the following: “In some Australian plants belonging to the 
genera Acacia and Eucalyptus (sic) the petiole is flattened and 
becomes a foliar expansion which occupies ‘the place of true 
leaves. Such petioles have received the name of Phyllodia. The 
trees bearing them give a peculiar character to some of the for- 
ests of New Holland. These phyllodia are usually placed verti- 
cally presenting their edges to the sky and earth, and their 
venation is parallel. Trees producing naked vertical phyllodia 
only have a singular effect as regards light and shade. ‘Travelers 
have noticed this in some of the Australian forests . . . . Some 
shrubby species of Wood-sorrel exhibit phyllodia which are either 
naked or bear ternate leaflets. These phyllodia are often placed 
like leaves, with their flat surfaces towards the sky and earth.” 

Moreover, if we go back to the Théorie élémentaire by DeCan- 
dolle, a work published in 1813, we shall observe that the verti- 
cality of the Phyllodium was not regarded as essential. The 
following extract is taken from the second edition of the Théorie 
élémentaire, published in 1819 (p. 362) 

Pétiole foliacé ou Phyilodium.—Je donne ce nom aux pétioles 
de certaines feuilles composées ou trés-découpées, qui prennent 
tellement d’extension, qu’ils semblent de véritables feuilles, et que 
leurs folioles ou leur limbe avortent en tout ou en partie, par ex- 
emple, dans les Acacies de la Nouvelle-Hollande; cet accident se 
présente aussi dans les feuilles submergées des Alisma et de la 
Sagittaire ; il arrive peut-étre constamment dans celles des Bu- 
pléures, ete. 

In view of this discrepancy it seems advisable to remove from 
the definition of Phyllodium the restriction of verticality, and 
apply the term Phyllodium to all cases of flattened petioles, where 
there is great reduction of the blade. 


* Flora Brasiliensis, (vol. xii, IT, p. 515). + Ann. Bot., May, 1889. 
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The suggestion of Professor Bower that the general term Phyl- 
lopodium be introduced to designate the central portion of the 
framework of the leaf appears to be well-advised, and in the case 
mentioned would remove all ambiguity. 

It remains to say something relative to one of the cases cited 
by Balfour, namely the species of Hucalyptus, which he adduces 
as illustrations of Phyllodia. These are not flattened petioles, 
but are true leaves with a well-marked twist, which in some in- 
stances is so great as to give to them a vertical aspect. This 
twisting was observed long ago by Robert Brown (Misc. Works, 
Ray Society, vol. i. p. 62), who says: “ They (that 1s, Acacia and 
Eucalyptus), agree very generally also, though belonging to very 
different families, in a part of their economy which contributes 
somewhat to the peculiar character of Australian forests, namely, 
in the leaves or the parts performing the functions of leaves 
being vertical or presenting their margin and not their surface 
towards the stem; both surfaces having consequently the same 
relation to light. This economy which uniformly takes place in 
the Acaciz, as in them the result of the vertical dilatation of 
foliaceous footstalk, while in Eucalyptus, where, though very 
general it is by no means universal, it proceeds from the twist of 
the footstalk of the leaf.” : 

Allusion must now be made to a conviction which has bee 
deepening in the mind of the present writer, that the vertical 
Phyllodia of Acacias, and the vertically twisted leaves of Myr- 
taceae are correlated with the so-called “sleep positions” of 
leaves, whereby the amount of surface exposed to direct loss of 
heat at night is materially lessened.* 

Such, I venture to suggest, may be regarded as permanent 
sleep positions. Comparison of the vertical Phyllodia with 
those which lie in the plane of ordinary leaf-blades, indicates that 
the latter belong to plants which, like the South American species 
of Oxalis, grow in shaded places, and are therefore more or less 
sheltered from direct loss of heat by radiation. The information 
which can be gathered from various authors, in regard to the 
different species of Eucalyptus in which there is conspicuous ver- 
ticality through the twist at the base, indicates that here also we 
have a kindred adaptation. But the facts thus far accessible in 
regard to the different species with respect to this point are too 
meagre to enable me to regard this as more than a suspicion 
which will repay further investigation. The writer will welcome 
any information bearing on the degree of verticality presented 
by the leaves of all Myrtaceae, and on the climatal surroundings 
of the different species. G. L. G. 

* Tt must not be overlooked that the vertical position has perhaps more ex- 


tended relations to the loss of moisture during the day. 
+Compare Darwin. The Power of Movement in Plants, Am, Ed., p, 328, 
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IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The National Academy held its semi-annual session in 
Philadelphia, commencing with the 12th of November. The fol- 
lowing is a list of the papers presented : 


W. Gisss and H. A. Hare: On the Results of the Systematic study of the 
Action of definitely related Chemical Compounds upon Animals. 

B. A. GouLp: On the new Prototypes of the Kilogram and the Meter. 

JAMES HALL: Present state of our knowledge in reference to a revision of the 
Genera of Brachiopoda for the Paleontology of New York, vol. viii. 

GEORGE F. BARKER: On Zine Storage Batteries. 

A. Haut: On Saturn and its Ring. 

S. P. LAN@éLEY: On the Econemy of Energy in the Glow-worm. 

O.N Roop: On Photometry of Colored Light. 

W. Gisss: On certain Pyrophosphates. 

E. D. Cope: On the Vertebrata of the Miocene of the Cypress Hills of Canada. 

W. K. Brooks: On the Early stages of Echinoderms. 

A. A. MICHELSON: On Relative Wave-lengths. 

E. C. PicKeRING: On the Spectrum of Zeta Urse Majoris. 

J. A. RypER:* On the Persistence and meaning of the Bi-concave centrum of 
the Vertebrze of Vertebrates. 

THEODORE GILL: On the peculiar Ordinal modification as exemplified by Fishes 
of the family Halisauride. 

W. H Brewer: On the Heredity of Acquired Characters. 

_ ARTHUR MICHAEL: On the “ Positive-negative” Hypothesis in its application to 
Organic Chemistry. 

S. NewcomsB: Onthe Results of the Transits of Venus observed in 1761 and 
1769; On the Theory of Cosmical Temperature. 

J. W. POWELL: The Desert Ranges. 

H. C. Woop: On Hypnotic Cases without Suggestion. 

J. 8. NewBerry: On the Laramie Group. 

O.C. MARSH: On the Skull of the gigantic Ceratopside; American Mesozoic 
‘Mammals. 

2. New Bulletins of the U. 8. National Museum, published by 
the Smithsonian Institution in 1889.—No. 34. The Batrachia of 
North America, by E. D. Copr. 525 pp.—A complete treatise, 
illustrated by 86 plates, besides many cuts in the text. 

No. 35. Bibliographical Catalogue of the described Trans- 
formations of N. A. Lepidoptera, by Henry Epwarps. 147 pp. 

No. 36. Contributions to the Natural History of the Cetaceans; 
a Review of the Family Delphinide, by Freperick W. True. 
191 pp. Illustrated by 47 plates. 

No. 37. Preliminary Catalogue of the shell-bearing Marine 
Mollusks and Brachiopods of the Southeastern coast of the United 
States, by Wu. H. Dati. 221 pp., Illustrated by 74 plates. 


OBITUARY. 
GrorcEe H. Coox.—The death of Professor Cook, State Geol- 
ogist of New Jersey and Vice-President of Rutgers College at 
New Brunswick, New Jersey, on the 22d of September last, is 
announced on page 336. His successive annual Geological Re- 
ports of the State of New Jersey, continued for the past twenty- 


* Presented by Mr. T. Gill. 


498 
! 


Miscellaneous Intelligence. 499 


four years, have given occasion for an annual notice in this 
Journal of the very faithful and valuable work he has done for 
the science. In 1888 appeared the first volume of the Final 
Report, and the second was completed, and is in the press. It is 
a serious loss that he did not live to finish the closing volumes and 
give his matured views on the various subjects illustrated by the 
facts he had long been collecting. He lived to see the topograph- 
ical survey ended and the maps published, and had the satisfac- 
tion of knowing that New Jersey was the first State to be thus 
thoroughly surveyed. His work was always practical as well as 
scientific, and greatly valued for its contributions to the econom- 
ical interests of the State. The subjects of the iron ore beds, 
clays, marls, and all contributions of geology to the arts inter- 
ested him no less than the geological structure of the country. 
The change of level by a slow subsidence along the Atlantic 
shore was one of the topics he studied with care and with results 
of the highest interest. He was the organizer of the State Board 
of Agriculture of New Jersey, a member of the State Board of 
Health, and in 1886 was made chief director of the New Jersey 
State Weather service. He was also long the President of the 
New Brunswick Board of Water Commissioners. 

Dr. Cook was born in Hanover, New Jersey, in the year 1817, 
He entered the Troy Polytechnic Institute in 1839, and was one 
of the many students that derived, from the enthusiasm and prac- 
tical instruction of Amos Eaton, their first impetus in geological 
science. In 1842 he was senior professor and acting President of 
the Institute, Professor Eaton having died in May of that year. 
He was for awhile principal of the Albany Academy. In 1852 
he left this position for the chair of Chemistry and Natural Phil- 
osophy in Rutgers College; and in 1864 was placed at the head 
of the New Jersey Geological Survey. 

Professor Cook was honored with the degree of Doctor of Phil- 
osophy from the University of the City of New York and of 
Doctor of Laws from Union College. He was aman of great 
excellence of character, unassuming, always commanding the 
confidence and calling out the highest esteem among those with 
whom he came in contact. He leaves a widow and two children, 

LesqueREUXx.—Professor Leo Lesquereux, eminent in the 
department of Fossil Plants, died on the 20th of October last at 
Columbus, Ohio. He was born in Fleurier, Canton of Neuchatel, 
Switzerland, in 1806. His parents were V. Aimé and Marie Aun 
Lesquereux, whose ancestors were Huguenots, fugitives from 
France after the edict of Nantes. His education, collegiate and 
academical, was received at the college and academy at Neu- 
chatel, where he was a fellow student of Guyot. In youth he 
was by nature and disposition, a naturalist, though he was edu- 
cated for theology. At the age of 26 he had the great misfortune 
to become deaf, and from then for twelve years worked as an 
engraver of watch cases and a manufacturer of watch springs. 
He first became known in science as a bryologist and by re- 
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searches on the peat formations. In 1845 he was commissioned 
by the government of Prussia to make explorations on the peat 
bogs of Europe, and his report on the subject appeared in 1844, 

In 1848 he came to the United States and became a resident of 
Columbus, where he published different works on Mosses, in con- 
nection with Mr, W. 8. Sullivant. From 1852 to 1885 Professor 
Lesquereux was attached as botanical paleontologist to geological 
surveys. His published memoirs and volumes exceed fifty in 
number. Of them, the more important are the following: Reports 
in connection with the First Geological Survey of Pennsylvania, 
1858; with that of Arkansas, (1860); with that of Illinois, vols. 
II and IV (1866 to 1880); that of Mississippi, the Tertiary Plants 
(1863); the United States Geological and Geographical Survey 
of the Territories under Dr. F. V. Hayden, including a Mono- 
graph of the Cretaceous Flora of the Dakota Group, (1874), a 
Monograph of the Tertiary Flora (1878), and a Monograph of the 
Cretaceous and Tertiary Flora, 1883; with that of the second Geo- 
logical Survey of Pennsylvania, on the Coal Flora of Pennsylvania 
and the United States, three volumes, one an atlas of plates, 
1880-1884. He published alsoa Monograph of the Pliocene Flora 
of the Auriferous Gravel Deposits of the Sierra Nevada, 1875, 
and a Manual of the Mosses of North America (this last in con- 
nection with Mr. Thomas P. James of Cambridge). He was 
a member of the United States National Academy and of 
twenty scientific societies of Europe and of the United States, 
corresponding member of the Geological Society of London; 
corresponding member of the Geological Society of Belgium, 
honorary professor of the Academy of Neuchatel, etc. For the 
past five years he has remained at home, surrounded by his books 
and specimens of fossil plants that were constantly arriving for 
his study and determination, always regretting that his age pre- 
vented him from continuing in the field. 

He was married in 1830 to a lady of rank, of Eisenach, Baroness 
Sophia von Wolffskeel, daughter of General von Wolffskeel. He 
leaves three sons and one daughter. 

JameEs Prescort Joute.—Dr. Joule of Manchester, the eminent 
English physicist, died on the 11th of October, at the age of 70. 
He led a quiet life with little prominence betore the public, but 
few workers in physical science have been able to accomplish so 
much as he, or have left behind se enduring a record. His 
experimental researches covered a wide range of subjects and are 
always of high order, but his contributions to the mechanical 
theory of heat and the conservation of energy stand out above 
all the rest as of a truly epoch-making character. Two volumes 
of his collected papers have been published recently (1884 and 
1887) under his editorship, which have put the results of his 
industrious and fruitful life in convenient and accessible form. 
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TRICERATOPS FLABELLATUS, Marsh. #5 natural size. 


Figure 1.—The skull; seen from the side. 


FigtrE 2.—The same; seen from above. 
a, nasal opening; 0, orbit: c, supra-temporal fossa; e, epoccipital 
bone; h, frontal horn-core; h’, nasal horn-core; p, pre-dentary bone; 
q, quadrate; 7, rostral bone. 
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APPENDIX. 


Art. LX.—Zhe Skull of the Gigantic Ceratopside ;* by 
O. C. Marsw. (With Plate XII.) 


THE huge horned Dinosaurs, from the Cretaceous, recently 
described by the writer,t have now been investigated with 
some care, and much additional light has been thrown upon 


their structure and affinities. A large amount of new material 
has been secured, including several skulls, nearly complete, as 
well as various portions of the skeleton. 

The geological deposits, also, in which their remains are 
found have been carefully explored during the past season, and 
the known localities of importance examined by the writer, to 
ascertain what other fossils occur in them, and what were the 
special conditions which preserved so many relics of this unique 
fauna. 

The geological horizon of these strange reptiles is a dis- 
tinct one in the upper Cretaceous, and has now been traced 
nearly eight hundred miles along the eastern flank of the Rocky 
Mountains. It is marked almost everywhere by remains of 
these reptiles, and hence the strata containing them may be 
ealled the Ceratops beds. They are fresh-water or brackish 
deposits, which form a part of the so-called Laramie, but are 
below the uppermost beds referred to that group. In some 
places, at least, they rest upon marine beds which contain 
invertebrate fossils characteristic of the Fox Hills deposits. 


* Abstract of a‘paper read before the National Academy of Sciences, 
Philadelphia, November 14, 1889. 

+ This Journal, vol. xxxvi, p. 477, December, 1888; vol. xxxvii, p. 334, April, 
1889; and vol. xxxviii, p. 173, August, 1889. 
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502 O. C. Marsh—Skull of the Gigantic Ceratopside. 


The fossils associated with the Ceratopside are mainly 
Dinosaurs, representing two or three orders, and several families. 
Plesiosaurs, crocodiles and turtles of Cretaceous types, and 
many smaller reptiles, have left their remains in the same 
deposits. Numerous small mammals, also of ancient types, 
a few birds, and many fishes, are likewise entombed in this 
formation. Invertebrate fossils and plants are not uncommon 
in the same horizon. 

The Ceratopside, as the most important of this assemblage, 
will be first described fully by the writer, under the auspices 
of the United States Geological Survey. In the present paper, 
the skull of one of these gigantic reptiles is briefly described, 
and figured, as a typical example of the group. 


THE SKULL. 


The skull of Zriceratops, the best known genus of the 
family, has many remarkable features. First of all, its size, in 
the largest individuals, exceeds that of any land-animal, living 
or extinct, hitherto discovered, and is only surpassed by that of 
some of the Cetaceans. The skull represented in Plate XII, 
the type of the species, is that of a comparatively young animal, 
but is about six feet in length. The type of Triceratops 
horridus was fully adult, and probably an old individual. 
The skull, when complete, must have been over eight feet in 
length. Two other skulls, both nearly perfect, now under 
examination by the writer, fully equal in bulk the two already 
described, and other similar specimens from the same horizon 
maintain equal average dimensions. 

Another striking feature in the skull of this genus is its 
armature. This consisted of a sharp cutting beak in front, a 
strong horn on the nose, a pair of very large pointed horns on 
the top of the head, and a row of sharp projections around the 
margin of the posterior crest. All these had a horny covering 
of great strength and power. For offense or defense, they 
formed together an armor for ‘the head as complete as any 
known. This armature dominated the skull, and in a great 
measure determined its form and structure. 

The skull itself is wedge-shaped in form, especially when 
seen from above. The facial portion is very narrow, and much 
prolonged in front, as shown in Plate XII, figure 2. In the 
frontal region, the skull is massive, and greatly strengthened 
to support the large and lofty horn-cores, which formed the 
central feature of the armature. The huge, expanded parietal 
crest, which overshadowed the back of the skull and neck, 
was evidently of secondary growth, a practical necessity for 
the attachment of the powerful ligaments and muscles that 
supported the head. 
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The front part of the skull shows a very high degree of 
specialization, and the lower jaws have been modified in con- 
nection with it. In front of the premaxillaries, there is a large 
massive bone, not before seen in any vertebrate, which has been 
ealled by the writer, the rostral bone (0s rostrale). It covers 
the anterior margins of the premaxillaries, and its sharp 
inferior edge is continuous with their lower border. This 
bone is much compressed, and its surface very rugose, showing 
that it was covered with a strong horny beak. It is a dermal 
ossification, and corresponds to the pre-dentary bone below. 
The latter, in this genus, is also sharp and rugose, and likewise 
was protected by a strong horny covering. The two together 
closely resemble the beak of some of the turtles, and as a 
whole must have formed a most powerful weapon of offense. 

In the skull tigured on Plate XII, the rostral bone was free, 
and was not secured. This was also true of the pre-dentary 
bone, and the nasal horn-core. Hence these parts are repre- 
sented in outline, taken from another specimen, in which they 
are all present, and in good preservation. 

The premaxillary bones are large, and much compressed 
transversely. Their inner surfaces are flat, and meet each 
other closely on the median line. In old specimens, they are 
firmly coéssified with each other, and with the rostral bone. 
They send upward a strong process to support the massive 
nasals. Another process, long and slender, extends upward 
and backward, forming a suture with the maxillary behind, 
and uniting in front with a descending branch of the nasal. 
The premaxillaries are much excavated externally for the 
narial aperture, and form its lower margin. They are entirely 
edentulous. 

The maxillaries are thick, massive bones of moderate size, 
and subtriangular in outline when seen from the side. Their 
front margin is bounded mainly by the premaxillaries. The 
meet the pre-frontal and lachrymal above, and also the jugal. 
The alveolar border is narrow, and the teeth small, with only a 
single row in use at the same time. ‘The teeth resemble, in 
general form, those of Hadrosaurus. 

The nasal bones are large and massive, and greatly thickened 
anteriorly to support the nasal horn-core. In the skull figured 
on Plate XII, these bones are separate, but in older indivthests, 
they are firmly codssified with each other, and with the 
frontals. The nasal horn-core ossifies from a separate centre, 
but in adult animals, it unites closely with the nasals, all traces 
of the connection being lost. It varies much in form in 
different species. 
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The frontals form the central region of the skull, and have 
been greatly strengthened to support the enormous horn-cores 
which tower above them. These elevations rest mainly on the 
frontal bones, but the supra-orbitals, the post-orbitals, and the 
post-frontals, have, apparently, all been absorbed by the 
frontals, to form the solid foundation for the horn-cores. 

These horn-cores are hollow at the base, and in form, posi- 
tion, and external texture, agree closely with the corresponding 
parts of the Bovide. They rary much in shape and size, in 
different species. They were evidently covered with massive, 
pointed horns, forming most powerful and effective weapons. 

The orbit is at the base of the horn-core, and is surrounded, 
especially above, by a very thick margin. It is oval in out- 
line, and of moderate size. Its position and form are shown 
in Plate XII, figure 1, . 

The enormous posterior crest is formed mainly by the 
parietals, which meet the frontals immediately behind the 
horn-cores. The margin is protected by a series of special 
ossifications, which, in life, had a thick horny covering. 
These peculiar ossicles, which extend around the whole of 
the crest, may be called the epoccipital bones (Plate XII, 
figures 1 and 2,¢). In old animals, they are firmly codssified 
with the bones on which they rest. 

The lateral portions of the crest are formed by the 
squamosals, which meet the parietals in an open suture. 
Anteriorly, they join the frontal elements which form the base 
of the horn-core, and laterally, they unite with the jugal. The 
supra-temporal fossee lie between the squamosals and the 
parietals, as shown on Plate XII, figure 2, e. 


The base of the skull has been modified in conformity with 
its upper surface. The basi-occipital is especially massive, and 
strong at every point. The occipital condyle is very large, and 
its articular face, nearly spherical, indicating great freedom of 
motion. The basi-occipital processes are short and stout. The 
basi-pterygoid processes are longer, and less robust. The 
foramen magnum is very small, ‘about one-half the diameter 
of the occipital condyle. The brain- -cavity is especially dimin- 
utive, smaller in proportion to the skull, than in any other 
known reptile. 

The exoccipitals are also robust, and firmly codssified with 
the basi-occipital. The supra-occipital is inclined forward, 
and its external surface is excavated into deep cavities. It is 
firmly codssified with the parietals above, and with the exoc- 
cipitals on the sides. The post-temporal fossee are quite small. 
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The quadrate is robust, and its head much compressed. The 
latter is held firmly in a deep groove of the squamosal. The 
anterior wing of the quadrate is large and thin, and closely 
united with the broad blade of the pterygoid. 

The quadrato-jugal is a solid, compressed bone, uniting the 
quadrate with the large descending process of the jugal. In 
the genus Zriceratops, the quadrato-jugal does not unite with 
the squamosal. In Ceratops, which includes some of the 
smaller, less specialized, forms of the family, the squamosal is 
firmly united to the quadrato-jugal by suture. Above this 
point, it shows a number of elevations, which are wanting in 
Triceratops. 

The quadrato-jugal arch in this group is strong, and curves 
upward, the jugal uniting with the maxillary, not at its pos- 
terior extremity, but at its upper surface, as shown in Plate 
XII, figure 1. This greatly strengthens the center of the 
skull which supports the horn-cores, and also tends to modify 
materially the elements of the palate below. The pterygoids, 
in addition to their strong union with the quadrate, send 
outward a branch, which curves around the end of the max- 
illary. This virtually takes the place of the transverse bone. 
The latter is thus aborted, and is represented only by a small, 
free ossicle resting upon the posterior extremity of the 
maxillary. 

The lower jaw shows no specialization of great importance, 
with the exception of the pre-dentary bone already described. 
There is, however, a very massive coronoid process rising from 
the posterior part of the dentary, which is well shown in Plate 
XU, tigure 1. The articular, angular, and surangular bones, are 
all short and strong, and the splenial is comparatively slender. 
The angle of the lower jaw projects but little behind the 
quadrate. 


The unique characters of the skull of the Ceratopside are 
especially the following : 

(1) The presence of a rostral bone, and the modification of 
the pre-dentary to form a sharp, cutting beak. 

(2) ‘he frontal horn-cores, which form the central feature 
of the armature. 

(3) The huge, expanded parietal crest. 

(4) The epoccipital bones. 

(5) The aborted transverse bone. 

These are all features not before seen in the Dinosauria, 
and show that the family is a very distinct one. 
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The peculiar armature of the skull has a parallel in the genus 
Phrynosoma, among the lizards, and Meiolania, among the 
turtles, and it is of special interest to find it also represented 
in the Dinosaurs, just before their extinction 


Such a high specialization of the skull, resulting in its 
enormous development, profoundly affected the rest of the 
skeleton. Precisely as the heavy armature dominated the skull, 
so the huge head gradually overbalanced the body, and must 
have led to its destruction. As the head increased in size to 
bear its armor, the neck first of all, then the fore limbs, and 
later the whole skeleton, was specially modified to support it. 

These features will be discussed in a later communication, 
but to the present description of the skull should be added the 
fact that the anterior cervical vertebree were firmly codssitied 
with each other, an important character not before observed 
in Dinosaurs. 

The skull represented on the accompanying plate is the type 
specimen of Z?iceratops flabellatus, Marsh. It was found in 
the Ceratops beds of Wyoming by Mr. J. B. Hatcher, who 
also discovered the type of the genus Ceratops, in the same 
horizon in Montana, 
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tions, Long, 264. 
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lenses, Lodge and Howard, 75; solar, 
influence on electrical phenomena in 
atmosphere of earth, Arrhenius, 161; 
thermal, law of, Ferrel, 3. 

Rays, ultra-violet, disintegration of sur- 
faces by means of, Lenard and Wolf, 
247. 
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162. 
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Nason, 229. 
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Sky, blue color of, Crova, 49i. 
Spectro-photometric comparison of light, 
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Spectrum, aurora, wave-length of prin- 


cipal line in, Huggins, 75; carbon, 
Kayser and Runge, 411; of gases at 


low temperatures, Koch, 491; of 
great nebula in Orion, researches on, 
Huggins, 179; of hydrogen, Thomas 
and Trepied, 491; of rare earths, 
Crookes, 486. 
solar, photography of invisible por- 
tions of, Zenger, 411. 
Stars, fixed, parallaxes of, 329. 
Steam engine, output as a funetion of 
speed and pressure, Nipher, 281. 
Stenzel, G., genus Tubicaulis of Cotta, 
164, 
Sun light compared with electric are, 
Langley, 438. 
period of rotation of, Crew, 204. 
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Telephonic vibrations, Frélich, 76. 

Tillman, S. E., Elementary Lessons in 
Heat, 492. 

Trowbridge, J., physical notices, 75. 
161, 246, 410, 491; radiant and elec- 
trical energy, 217; 
nickel and tungsten alloys, 462. 
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omie, 254. 
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Tuckerman, F., gustatory organs of 
Lepus Americanus, 277. 
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Whiteaves, J. F., Fishes of Canada: De- 
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Contributions to Canadian Palzon- 
tology, 493. 
Wilkes, G., B. 

230. 
Williams, G. H., hemihedrism 
monoclinic system, 115. 
Willson, R. W., measurement of inter- 
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Winds, Treatise on, Ferrel, 420. 
Winnipeg Lake, ancient beaches of, 78. 
Woodward, R. 8., mathematical theories 
of the earth, 337. 
Wright, G. F., Ice Age of N. A., 412. 
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405. 
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ZOOLOGY— 

Gastropoda and Scaphopoda of the 
“Blake,” Dall, 254. 

Lepus Americanus, gustatory organs 
of, Tuckerman, 277. 

Mollusks from dredgings of the 
* Blake,” Dall. 254. 

Pelecypods, hinge of, and its devel- 
opment, Dall, 445. 

Sponges, Monograph of Horney, Len- 
dentield, 417. 

See further under GEOLOGY. 
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